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1
Introduction
Energy efficiency, especially in M2M communications is an important issue that directly affects the system performance. Since the energy source for most of the M2M devices is batteries, with a limited capacity, and considering the difficulties to replace these batteries in many scenarios, the energy-efficiency should be one of the main objectives in the design of M2M communication protocols. 

In the literature [1, 2], there exist a number of proposals oriented to decrease the energy consumption in M2M communications, but usually, they are focused on specific deployments and/or applications. We consider that a general solution should be proposed. The aim of this general solution is twofold: first, being able to deal with different situations and M2M Applications, and second, providing a supporting approach that improves the overall system performance. 
The energy efficiency is affected by many aspects that should be considered when developing M2M Protocols, with the final objective of reducing the overall energy consumption while maintaining the performance required by the M2M Applications. 

In this contribution, we would like to discuss several considerations such as requirements and functionalities for energy efficiency in M2M Protocols in protocol analysis and protocol development. This contribution tries to encourage the consideration of such energy efficiency in M2M communications.
2 Requirements

From the current requirements specified in the current requirements TS, the followings show the most relevant regarding energy efficiency in protocol design, as well as some new requirements that should be also considered:
· Intelligent sleep and schedule policies: usually, the network infrastructure is unnecessarily powered on, even when the number of users and their traffic load are low. This practice guarantees a high degree of coverage and service availability, but rapidly increases the energy consumption of the network. Solving the trade-off between duty cycle and a high degree of coverage and service availability could reduce the periods in which the devices are powered on, so decreasing the energy consumption and extending the lifetime of network devices. From the client side, transceivers could also be switched off during most of the time, and only be powered on when needed. 

· Autonomous self-organization (logical topology formation and manage-ment): one of the most important requirements that have a clear impact in the network operation and in the energy consumption is the ability of the network to be able to create a logical structure that facilitates the communications among the network nodes, satisfying the application requirements. Periodical maintenance will also be useful to balance the load and contribute to improve the overall network lifetime.

· Packet loss avoidance and recovery: the ability of the network to reconstruct the lost information will strongly depend on the data nature and ultimately on the application characteristics. Data loss recovery methods should be used for those applications that are able to regenerate the lost data. Moreover, the system should provide methods to recover from a (more or less massive) data loss, by using different mechanisms such as data retransmission, also analyzing the need for a possible network reorganization or re-scheduling. 

· Congestion control: aligned with the previous item, the congestion control will avoid both data loss and node overload. The correct load balance, together with mechanisms to adjust the data flows to the current network conditions will improve the network performance, while decreasing the possibilities of suffering node overload and data loss. 

· Interferences management: how the communication approaches are able to deal with interferences that may cause errors in packet sending and reception will directly affect to the energy consumption. The capacity to regenerate some data from packet control information will avoid the need of packet retransmission. 

· Service differentiation: it is clear that different services and applications will have different communication requirements. In order to deal with those different requirements, techniques that discern among different services will help to improve the QoS and QoE, while the energy consumption can be also balanced by processing data without real time requirements in those moments with a low network congestion.  

· Reliability: techniques that guarantee the application requirements regarding data and communications reliability must be used in order to offer an accurate service that ensures the correct information reception. Again, depending on each specific application, several levels of reliability can be offered, from a best-effort approach to high priority communications. Reliable communications will avoid the need for resending data, with the consequent energy saving, as well as will allow the system to fulfil the requirements of each specific M2M Application.
3 Functional aspects

Similarly to the requirements detailed in the previous section, there are a number of functional aspects that directly affect to the M2M System energy efficiency, as well as several M2M Protocol capabilities that should be considered, or at least analysed during the design of M2M Protocols.

· Adaptable packet size: the benefits of using an adaptable packet size are twofold; first, each application is able to use the best packet size for fitting its requirements, and second, it will help to reduce the energy consumption since all the bytes transmitted will contain application information, without empty fields.

· Transmission power control: different applications will have different communication requirements. For that, it is important that the physical layer is able to deal with a number of situations in order to satisfy the application requirements. Depending on each specific situation, the possibility of adapting the transmission power (i.e., based on the distance, type of message, etc.), also contributes to reduce both the energy consumption and the need for packet retransmissions. 
· Synchronized communications: in order to reduce the energy consumption in the network, and to improve the overall performance, the use of synchronous schedules will help to avoid packet collisions, with their consequent energy wasting and data loss. For this, efficient MAC approaches, based on TDMA or FDMA that consider the application communication requirements should be used.
· Multi-radio support and spectrum efficiency: considering the variety of M2M devices that can coexist in the same environment, with their different communication mechanisms, it is desirable that the implemented communication approaches can deal with multi-radio support in order to take advantage of the whole available spectrum. In that sense, parallel communications can be performed with the consequent saving in both time and energy. 
4
Proposal

Considering the importance of energy efficiency in protocol design, and given the absence of this consideration in the current protocol analysis TR and protocol specification TS, it is proposed to consider several issues related to energy efficiency, including an extensive analysis of energy needs, commitments, and performance in the design of oneM2M protocols. 
It is also necessary to analyse and evaluate the energy efficiency needs and possibilities of each particular situation and/or M2M Application in order to fulfil both energy efficiency requirements and expected performance (i.e., QoS, QoE…).
An initial approach could be to consider the requirements and functional aspects detailed above and analyse how they can influence both the performance and the energy efficiency of the M2M system. 

Note that this contribution aims at improving the M2M Protocol design in order to extend the M2M Devices lifetime with the consequent improvement in the final M2M Application performance. 
This contribution proposes to discuss the need for considering “energy efficiency in the design of M2M Protocols”, not only from the point of view of energy saving, but also taking into consideration the performance needs of the M2M Applications. 

Different requirements and functional aspects are proposed to be considered in the design of M2M Protocols in order to achieve energy efficiency in M2M communications. 
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