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Introduction

Telecommunication technologies in all their forms (2G to 4G, Wi-Fi, Wi-Max…) [1] use a unique model to communicate between two entities. It consists in forwarding the packets to an access point which sends the information back to the destination (Figure 12-a). This happens when source and destination are in the same cell. If source and destination are located in two different cells, then the information uses a hierarchical path based on a tree topology going up and then down to the final destination as shown on Figure 12-b. This model implies many disadvantages in terms of capacity and energy consumption:

1) When many devices want to access to the network in the same cell (Figure 13), they have to send the information to the access point serving the cell. However, the access point can only process one request at the same time. If many requests arrive simultaneously, they generate collisions and interferences. A scheduling mechanism needs to be elaborated at the access point in order to organize the access to the network, request after request. Parallel request cannot be served which limits the capacity of the cell.

Figure 13. Scheduling at the access point

2) In terms of energy consumption, transferring the information to an intermediate access point instead of direct transfer doubles the number of transmissions/receptions. Also, when using a tree-topology path to climb up then down on a vertical way will increase the energy per bit comparing to a direct and horizontal path. Figure 14 illustrates the difference between horizontal and vertical communications. 

Observation on the traffic

When scanning the traffic on telecommunication networks, one could observe that an important part of the traffic is local. People during events or in smart cities and smart homes, share pictures and videos, exchange information on their environment. The information in the majority of cases do not need to travel through the infrastructure of the network and the cloud and to consume a huge amount of resources and energy to come back to the neighborhood. Although, the video traffic [START_REF]Cisco's Visual Network Index Cisco's Visual Network Index[END_REF] on mobile devices is doubling every year, damaging seriously the capacity at access points by creating bottlenecks.

Embedded Internet and 5G

The idea to go directly from source to destination is not new. Its implementation was never realized in the past because operators of networks had to control the traffic for accounting and monitoring. Nowadays, the majority of subscriptions include an unlimited usage of the network. Hence, the more the traffic is out of the operator network, the less the infrastructure of the operator is saturated while its income stays the same. Introducing horizontal and direct communications is a win-win policy for operators, customers and also the entire eco-system. Why, should local traffic travel over the entire network and data centers to just reach a close destination? 5G networks include in their requirements the faculty that two devices should communicate directly with no need of any network infrastructure. This implies that the device should contain a minimum of network intelligence to have the capacity to detect destinations and to also transfer the traffic of its peers. In addition, Device2Device communication should continue to work even when the global network is not operating or when damages push the global network offline.

Efforts to make intelligence in the applications of Smart Phones is an option to introduce the Device2Device. Some products are already working on different platforms (IOS, Android) such as AirDrop [4] or Firechat [5]. In those cases, the Device2Device is managed at the application layer and with a proprietary protocol. It means that Smart Phones should first install the application to run a Device2Device. Furthermore, each new service requires the development and download of a new application. This model cannot scale.

Wearable and Embedded Internet

Green Communications [3] introduces the concept of Embedded Internet where devices hold a full TCP/IP environment, an open operating system (Buildrootbased Linux) and a sharing storage. Each device contains two wireless network interfaces. One to establish the network between the devices and the second to offer an access to SmartPhones, tablets and computers. All type of applications will be active immediately because the network is running a TCP/IP locally. It is also possible to provide many applications over http using a local web server and latest web technologies (htmls). This gives the opportunity to anyone to communicate even if they didn't download a native application. 

Local Cloud

The Green Communications device also includes storage with security options to offer the possibility to share information and also to install new specific applications related to the area where the network is running. The network provides access to its raw open data to help people in their connections and enables application developers to build more appropriate applications related to on-site usage. Figure 15 shows the different kind data that are open: network topology, number of users per access point, quality of links between access points, location of the Internet Gateways, access point profiles through the vCard Standard

Distributed TCP/IP

In order for an embedded Internet to work correctly, it is mandatory to distribute all the services over the devices. Services shouldn't depend on one specific machine to avoid any network blackout. When a device enters or leaves the network, services must continue to work correctly. The solution should also provide distributed TCP/IP over the devices by enhancing them with Zeroconf (mDNS, DNS-SD), anycast addresses, handoff management, distributed DHCP implementation, distributed database.

Conclusions

Communicating locally for local traffic is simply the common sense in the telecommunication systems. Until now, all networks never proposed any Device2Device communications. Within the 5G, this type of communication will be standardized allowing an enhancement of the network capacity and its energy consumption.
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 12 Figure 12. (a) Communication in one cell; (b) in different cells

Figure 14 .
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  The device is light enough to be held or wearable. It could be distributed on-site or could come directly within the visitors. When turning the devices ON, the network is established in few seconds and then a local Internet is operated. A subset of the devices could be configured as gateways to the global Internet to create a hybrid model where local traffic stay local and global traffic is transferred across the gateways.
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 15 Figure 15. Monitoring interface with open data.
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