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Context of the Informational Draft
• Alternative Network Deployments document is 

being worked in the IRTF GAIA working group, 
whose aims is: 

• "…to document and share deployment 
experiences and research results to the wider 
community through scholarly publications, white 
papers, Informational and Experimental RFCs, 
etc."
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Motivation
• First attempt to make a taxonomy on emerging models at 

the IRTF from the GAIA group, addressed (but not limited) 
to:   

• Independent community organisations bringing 
alternative topology, infrastructure and business models 
as the only mean to get connected to the Internet. 

• Setting a precedent for civil society members of the 
developing (underserved) regions to be more active in 
the search for affordable Internet.  

• Provide an essential piece of information for bridging the 
digital divide accounting 4+ Billion people.
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A free network
• Proposed by the Free Network Foundation: a network that 

equitably grants the following freedoms to all: 

• Freedom 0 - The freedom to communicate for any 
purpose, without discrimination, interference, or 
interception. (security) 

• Freedom 1 - The freedom to grow, improve, communicate 
across, and connect to the whole network. (scalability) 

• Freedom 2 - The freedom to study, use, remix, and share 
any network communication mechanisms, in their most 
reusable forms. (openness - reusability)
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guifi.net principles of Free, Open and Neutral Networks
• Freedom to use the network for any purpose but to 

harm the network itself: including the services. 
(neutrality) 

• Right to fully understand the network and its 
components as well as to spread out gained 
knowledge (openness, security) 

• Right to offer public or private services (security, 
openness)  

• Right to join the network and extending the inherited 
set of rights to anyone else (respecting this terms) 

8



Andrés Arcia-Moret, May 24th

Levers
• Do-it-yourself/Makers community  
• Low-cost, commodity and open source 

technologies 
• Public Institutions: Universities, Independent 

organisations 
– Governance challenges
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Real world examples
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In the last years, many initiatives have arisen in developed nations with the aim of improving Internet connection 
for the masses, with a special focus on developing regions. However, all that glitters is not gold: the authors of [1] 
explored whether these initiatives are always acceptable, and drew a “sanity checklist” that should identify those 
initiatives that are ethical, effective, and sustainable. The topics in the list include: i) trust: who is controlling the 
network?; ii) long-term sustainability plan; iii) transparency, i.e. the reasons behind design and technological 
decisions should be public, as well as the strategy allowing the community to become independently responsible 
for the initiative; iv) studying the impact on the local business ecosystem, i.e. identifying who are the main 
beneficiaries; and v) ensuring that new users and network managers are properly educated, especially about 
potential risks of being connected. 

We may agree on the fact that the Internet can bring certain benefits to these communities. However, if 
connectivity arrives all of a sudden, many problems will manifest, for instance those caused by lack of skills to 
exploit the network appropriately, or the lack of organization, driving to a chaotic service provision. Therefore, 
instead of a model in which a new network infrastructure appears from one day to the next, initiatives driven by 
the community seem more suitable in certain scenarios. 

At the same time, we are witnessing an unprecedented success of the “do-it-yourself” (DIY) paradigm (e.g. 
makers movement or low-cost computing devices), which also has its “networking” version: many Alternative 
Networks are being deployed by communities or small institutions with little technological capacity throughout 
the world (See Fig. 1, where an example of a real community-driven deployment is shown). In Alternative 
Networks [2], the DIY is defined as generating disruptive patterns from the so-called “traditional networks,” i.e. 
those networks regularly sharing the following characteristics: i) large scale deployment; ii) top-down and 
centralized control, and iii) substantial investment. 

Another interesting feature of Alternative Networks is that they follow a participatory model: they can be 
deployed and managed with the skills that people have in communities or in small local public institutions. In 
addition, they grow organically [3], i.e. new users contribute with active network infrastructure, which has been 
proven as a successful model for connection of masses. Therefore, Alternative Networks may start as a small 
initiative and grow in a steady and natural way, creating a common pool of resources and letting people’s skills 
and education increase simultaneously.  

  

Fig. 1. Installation of a 12 meter pole for a 5 GHz antenna to provide Internet connectivity to a school in Udot, Chuuk, 
Federated States of Micronesia 

The A4AI Affordability Report 20144 recommends initiatives related to the consideration of common places 
where Internet newcomers get access to the network: in many cases, households are not connected, so instead 
community broadband access centers have been created. The so-called cybercafés are quite popular in other 
countries, and Internet access is also provided through Common Service Centers (CSCs), including government 
offices, schools, libraries and hospitals.  

In 2014, the IRTF (Internet Research Task Force) created a Working Group called GAIA, which stands for 
“Global Access to the Internet for All.” One of the objectives of this group is “to document and share deployment 
experiences and research results to the wider community through scholarly publications, white papers (...).” The 
                                                                                                               

4 Alliance for Affordable Internet, A4AI, “The Affordability Report 2014” 
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and the servicing area are small enough, placing a femtocell in the community proximities benefits both actors: the 
users obtain 3G coverage, and the operator avoids the costs of deploying new infrastructure.  

Some real examples can be referenced in the European Commission FP7 TUCAN3G project8, which deployed 
demonstrative networks in two regions in the Amazon forest in Peru [8]. The operator used networks belonging to 
the local public health authorities, deployed with funds from international cooperation for telemedicine purposes 
(see Fig. 3c). 

   

 (a) (b) (c) 

Fig. 3. a) Supernode in a rural zone in Guifi.net (Spain); b) Deployment of a WISP (Airjaldi): connecting a series of 
Common Service Centers in Ranchi district (India) with stable links of 1Mbps; c) Tucan3G project: a user connecting 
through an Alternative Network in San Juan (Peru). 

3.4. CROWDSHARED APPROACHES, LED BY THE PEOPLE AND THIRD PARTY STAKEHOLDERS 
These networks can be defined as a set of nodes whose owners share common interests (e.g. sharing connectivity, 
resources or peripherals) regardless of their physical location. They conform to the following approach: the home 
router creates two wireless networks: one intended to be used by the owner, and another public one, offering a 
small fraction of the bandwidth usually serving in the immediate area. Some examples are described in [9]. 
Another example is constituted by the networks created and managed by City Councils (e.g. [10]), which act as 
Virtual Network Operators (VNOs). Other entities that act as VNOs can be local governments, grass root user 
communities, charities, content operators or smart grid operators. 

In the same way, some companies (e.g. Fon) develop and sell Wi-Fi routers with dual access (a dedicated one for 
the owner, and a shared one for public access). A user community is created, and people can join the network in 
different ways: they can buy a router, so they share their connection and in turn they are granted access to all the 
routers associated to the community. These users can even get some revenue every time another user connects to 
their Wi-Fi spot. Other users can just buy some access passes in order to use the network. Some 
telecommunications operators can associate with the community, by means of including in provided home-routers 
the possibility of creating these two networks. 

Traditional network operators have a financial incentive to lease out the unused capacity [11] at lower cost to the 
VNOs, who pay them (and also the sharers), thus creating an incentive structure for all actors: end users get money 
for sharing their network, and network operators are paid by the VNOs, who in turn accomplish their socio-
environmental role. 

3.5. OTHER INCENTIVES FOR SELF-SUSTAINABLE ALTERNATIVE NETWORKS 
In some cases, the initiative to start the network is not from the community, but from a research entity (e.g. a 
university), with the aim of using it for research purposes [6], [12]. The administration of these networks may start 
being centralized in most cases (administered by the academic entity) but may end up in a distributed model in 
which other local stakeholders assume part of the network administration [13]. 

                                                                                                               

8 See http://www.ict-tucan3g.eu/ 
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What are alternative networks?
Networks that do not share characteristics of main-
stream network deployments. 

• Are not top-down controlled networks with central 
authority (openness)  

• Have no infrastructure with substantial investment  
(actually, relatively small scale — scalability) 

• Have no exclusive participation of an "elite" of network 
and technology designers (openness). 

• Have no central authorities allowed to intervene 
communications (security) 
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Alternative Networks also apply to …
• Developed regions: increasing literacy and 

connectivity in developed regions since it is not 100%. 

• Bridging the digital divide: 

• Increasing availability and affordability of the 
network infrastructure.  

• Tackling digital literacy  

• Adapting the regulatory framework for the masses 

• Popularising content and services

12
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Including Rural Zones into mainstream nets.
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2.2. URBAN VS. RURAL AREAS 
The Digital Divide presented in the previous section is not only present between countries, but also within them. 
This is the case for rural inhabitants, which represent approximately 55% of the world’s population, from which 
78% inhabit in developing countries. Although it is impossible to generalize, there exist some common features 
that have determined the availability of ICT infrastructure in these regions. The disposable income of their 
dwellers, with many surviving on a subsistence economy, is lower than the one of those inhabiting urban 
areas.  Moreover, a significant percentage of the disconnected population is located in geographies difficult to 
access and/or exposed to extreme weather conditions, and sometimes even lacking of electrical infrastructure. 
Additionally, low population density in these areas discourages telecommunications operators to provide similar 
services to those provided to urban dwellers, since they do not deem them profitable. As an example, Fig. 2a 
shows the mobile coverage in Johannesburg. Three different zones can be defined: urban, suburban and rural 
areas. Good coverage can be found in urban and suburban areas, but that is not the case in many rural areas, as 
many (white) zones have no coverage. 

   

Fig. 2. Urban, suburban and rural zones: a) mobile network coverage map in Johannesburg (http://opensignal.com/) 
b) scheme of the network, including an Alternative Network for an underserved rural area. 

In rural areas (Fig. 2b), where connectivity is limited or disrupted, citizens and other local stakeholders may be 
compelled to take a more active part in the design and implementation of ICT solutions, hence promoting 
Alternative Networks. The cost of the wireless infrastructure required to set up a network, including its powering 
(e.g. via solar energy), is within the range of availability of either individuals or small communities. The social 
capital existing in these areas can allow for alternative network set-ups where a reduced number of nodes may 
cover communities whose dwellers share the cost of the infrastructure and the Internet gateway, accessing the 
network via inexpensive wireless devices. Some examples are presented in [5] and [6]. 

Finally, the lack of awareness and confidence of rural communities to embark themselves in network management 
tasks, can pose major barriers to their deployment. The shortage of technical knowledge of people in these 
communities has also been pointed as a challenge for their success. However, high-scale Alternative Networks 
have proliferated in urban areas, where the scarcity of spectrum and the heterogeneity of devices pose tremendous 
challenges to their stability and service provision. Furthermore, these initiatives have fueled the creation of robust, 
low-cost, low-consumption, low-complexity, and off-the-shelf wireless devices, which can make much easier the 
deployment and maintenance of similar alternative infrastructures in rural areas. 

3. CLASSIFICATION OF ALTERNATIVE NETWORKS 
In order to build a coherent classification of Alternative Networks, we should first define a series of criteria, 
representing a set of orthogonal axes on which we can place each of the proposed network deployment profile.  

x Commercial model / promoter: The promoting entity (or entities) or individuals can be a community of 
users, a public stakeholder or even a private company. “Crowdshared” approaches, where people share their 
network resources are also possible. In some cases the infrastructure can be shared by a community and a 
network operator, who uses it for backhauling purposes. Finally, there are also some cases where the 
network is initially created as a testbed by a research or academic entity. 

x Goals and motivation: Alternative Networks can also be classified according to their underlying 
motivation. Some examples include: reducing the initial capital expenditures (for the network, the end user, 
or both); providing additional sources of capital (beyond the traditional carrier-based financing); reducing 

Wi-Fi
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N4D at a Glance 

R&D
‣ Measurement Studies 
‣ Decentralised Cloud + Lightweight 

Virtualisation 
‣ NFV / SDN 
‣ ICN (Pursuit, NDN) ‣ Low Cost Backhaul Solutions ‣ Fog/Edge Computing 
‣ Real Deployments ‣ Socio-economics 

Community Networks
Guifi.net, TakNet, PAWS    

Emergency Network

Internet

Community Network
Community Network

Satellite 

TVWS

Community Network

ADSL/
CABLE

4G/5G

Services at the Edge

ProjectsTools

[A. Sathiaseelan]
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What are the challenges for the integration?
• Backhaul links to provide enough bandwidth for communities  

• Inclusion of new technological paradigms to encourage localised services such as  

• Information Centric Networking 

• Massive caching 

• Locally managed services 

• Other recent technologies: Service-Centric Networking (SCN), Software-Defined 
Networking (SDN), Delay Tolerant Network (DTN) and novel wireless access 
technologies such as TV whitespace.  

• Find community sustainable business models and Internet growth pattern.

15
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Why ICT is different in non-developed regions?

• The availability of "proper" both national and 
international bandwidth, as well as equipment 

• Affordability of services and the devices required to 
access the ICTs 

• The instability and or lack of power supply 

• The scarcity of qualified staff 

• The existence of a policy and regulatory framework 
that hinders the development of alternative models

16
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Characterising rural areas
• Low per capita income. Dealing with the well-known "less than 5% 

income to afford Internet connection" 

• Scarcity or absence of basic infrastructure: electricity, water and 
access roads 

• Low population density and distance (spatial or effective) between 
population clusters 

• Underdeveloped social services, such as healthcare and education. 

• Lack of adequately educated and trained technicians 

• Harsh environments leading to failure in electronic communication 
devices

17



Andrés Arcia-Moret, May 24th

Classification of Alternative Networks
• Promoters: community of users "Crowdshared Approaches", a public 

stakeholder, private company, academy entity  

• Purpose: reducing the initial CAPEX (for the network, the end user, or both); 
providing additional sources of capital (beyond the traditional carrier-based 
financing); reducing OPEX; reducing hurdles to adopt (digital literacy); 
research purposes; sharing resources. 

• Gobernance: Centralised or distributed.  

• Technologies employed: Standard Wi-Fi which can also be modified for long 
distances (WiLD); IEEE 802.16 compliant systems over non-licensed bands; 
IEEE 802.22  Dynamic Spectrum Solutions (e.g. based on the use of white 
spaces); The use of low-cost optical fibre is also possible.  

• Scenarios: urban and rural areas, with a special significance in developing 
countries.

18
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Classification of Alternative Networks

19
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Taxonomy of AN — salient characteristics

20
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on-going operational costs (such as backhaul or network administration); reducing hurdles to adoption 
(digital literacy; literacy in general); achieving network neutrality; sharing connectivity and resources. 
Finally, research motivations can also be present.  

x Administrative model: Centralized or distributed models are feasible. 
x Technologies employed: Standard Wi-Fi is one of the most popular options, since this protocol can also be 

modified for long distances (WiLD), with either CSMA/CA or an alternative TDMA (Time Division 
Multiple Access) MAC [7]. Another option is the use of 802.16 compliant systems over non-licensed bands. 
Sometimes Dynamic Spectrum Solutions (e.g. based on the use of white spaces) are employed. Finally, the 
use of low-cost optical fiber is also possible. 

x Scenarios: Alternative Networks are indistinctly deployed in urban and rural areas, with a special 
significance in developing countries. 

Once the classification criteria have been defined, we present a taxonomy of Alternative Networks. Five different 
types of networks have been defined, which we explain in detail below, including some real examples for each 
case. Table 1 summarizes the characteristics of each network. 

Table 1: Alternative Networks: characteristics and classification 

 Commercial model 
/ promoter 

Goals and 
Motivation Administration Technologies Typical scenarios 

Community 
Networks 

Community To reduce hurdles 

To serve 
underserved areas 

To grant network 
neutrality 

Distributed Wi-Fi 

Optical Fiber 

Urban 

Rural 

WISPs Company To serve 
underserved areas 

To reduce CAPEX 
in Internet access 

Centralized Wireless in 
unlicensed 
frequencies 

Rural 

Shared 
Infrastructure 
Model 

Shared: companies 
and users or local 
public institutions 

To eliminate a 
CAPEX barrier to 
operators 

To lower the OPEX 
supported by the 
community 

To serve 
underserved areas 

Distributed Wireless in non-
licensed bands 

Low-cost fiber 

Rural areas (mainly 
in developing 
regions) 

Crowdshared 
approaches 

Community 

Public stakeholders 

Private companies 

To share 
connectivity and 
resources 

Distributed Wireless Urban 

Rural 

Testbeds for 
research purposes 

Research / 
academic entity 

Research Centralized initially, 
but it may become 
distributed 

Wired 

Wireless 

Urban 

Rural 
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–Prof. Ermanno Pietrosemoli (ICTP, Italy) 
(World record for long-distance Wi-Fi transmission,  

Jon Postel Service award on behalf of the Latin-American Networking school)

“The fear of failure is the main obstacle to great 
achievements.”  

— when asked about the main obstacle on 
Internet adoption in developing regions  

Thank you!


