Int. J. Wireless and Mobile Computing, Vol. X, No. Y, XXXX

Machine-to-machine communications energy
efficiencies: the implications of different M2M
communications specifications

Sylvester Ajah*, Ali Al-Sherbaz,
Scott Turner and Phil Picton

Department of Computing,

School of Science and Technology,
University of Northampton,

St Georges Ave, Northampton NN2 6JD, UK
Email: sylvester.ajah@northampton.ac.uk
Email: ali.al-sherbaz@northampton.ac.uk
Email: scott.turner@northampton.ac.uk
Email: phil.picton@northampton.ac.uk
*Corresponding author

Abstract: The energy inefficiency of electronic devices is the major limiting factor for
the adoption of these devices in Machine-to-Machine Communications (M2M)/Internet of
Things (IoT). In order to address this, different emerging M2M communications standardisation
organisations have proposed perceived energy efficient protocols. The essence of this paper is to
discuss the energy implications of different M2M communication standards on the lifespan of the
electronic devices that are to be used for the M2M communications.

Keywords: M2M; machine-to-machine communications; energy efficiency; M2M standards;
10T; Internet of Things; SDO; standard development organisations.

Reference to this paper should be made as follows: Ajah, S., Al-Sherbaz, A., Turner, S. and
Picton, P. (XXXX) ‘Machine-to-machine communications energy efficiencies: the implications
of different M2M communications specifications’, Int. J. Wireless and Mobile Computing,
Vol. X, No. Y, pp.XXX—XXX.

Biographical notes: Sylvester Ajah is a PhD Student in the University of Northampton, UK. His
first degree was on Electrical/Electronic Engineering at Enugu State University of Science and
Technology (ESUT), Nigeria, in 2008. He did his MSc in Wireless Systems at University of Bath
in 2012. His research focus is on the energy efficiency of machine to machine (M2M)
communications devices, and he has one conference publication title ‘Sub 1GHz M2M
Communications Standardization: The Advancement in White Space Utilization for Enhancing
the Energy Efficiency’.

Ali Al-Sherbaz is currently a Senior Lecturer in School of Science and Technology and skilled
Research Engineer with a PhD in Wireless Communications and Network Security, and MSc in
Electronic and Communication Engineering and has 20 years of theoretical and practical
experience in researching and teaching at various universities both in the Middle East and in the
UK, with good experience in both academic and industrial projects. He has membership with
the BCS British Computer Society, IEEE (Institute of Electrical and Electronic Engineering),
IEEE Communication Society, IEEE Standards Associations and Member in the Institution
Engineering and Technology (IET).

Scott Turner, Associate Professor in the Department of Computing and Immersive Technologies,
University of Northampton, has PhD (University of Leicester) in Neurophysiological Signal
Processing and Genetic Algorithms, MSc (University of Dundee) in Biomedical Instrumentation
Engineering and BEng (University of Hull) in Electronic Engineering. His research interests
include robotics, problem-solving, genetic algorithms, neural networks and signal processing.

Phil Picton did his degree in Electrical and Electronic Engineering at Swansea University (1979),
and PhD in Digital Logic Design at Bath University (1982). He was a Research Fellow at Heriot-
Watt University in Edinburgh and later a Lecturer in Electronics at the Open University. In 1994
he moved to Northampton University where he became Professor of Intelligent Computer
Systems. In 2005 he became Head of Engineering, and began working closely with the British
Institute of Nondestructive Testing, to produce a unique set of distance learning courses in NDT.
Over his academic career he has published over a 100 papers and written two books.

Copyright © 200X Inderscience Enterprises Ltd.


mailto:sylvester.ajah@northampton.ac.uk
mailto:ali.al-sherbaz@northampton.ac.uk
mailto:scott.turner@northampton.ac.uk
mailto:phil.picton@northampton.ac.uk

S. Ajah et al.
1 Introduction

Machine-to-Machine Communications (M2M) is a new
paradigm that enables electronic devices to independently
execute a task with or without human interventions.
According to Ericsson (2011) there will be more than 50
billion connected devices by the end of this decade. But the
major bottleneck militating against M2M communications
among other challenges is the energy inefficiency of the
electronic devices that are expected to be used for M2M
communications. This is partly as a result of the stagnant
rate of battery technology development; Wu et al. (2013)
observed that it takes approximately 35 years to double the
battery capacity of mobile devices. And on the energy
inefficient algorithms that are used for today’s wireless
communications; Chen et al. (2011) noted that the design of
the present common wireless network focuses on access and
capacity; hence, the need to shift focus to energy efficient
design. Also, Guowang et al. (2009) observed that the battery
technology has not progressed as fast as the semiconductor
technology; hence the energy efficiency of the wireless devices
needs a cross layer approach to actualise (Miao et al.,2009).

For better comprehension of this work, it is useful to
differentiate between commonly confusing used terms in
M2M communications, which are: Wireless Sensor Networks
(WSN), (M2M) and Internet of Things (IoT). WSN is the
collection of spatially distributed wireless sensors for monitoring
the physical conditions, like noise, temperature, pressure, and
transmit the collective data through the wireless network to a
server which stores and processes the data. The wireless
connections between the nodes are through Short-Range Radio
(SRR) services; and Kim and Choi (2010) observed that WSN
technology does not consider the global identity for each
sensor node or the location management schemes for routing
because of its locality nature. M2M refers to the technologies
that allow autonomous communications between similar
electronic devices which can be either wired or wireless. M2M
technology can provide the global view of the devices and
hence can be used to interconnect the scattered WSNs (Kim
and Choi, 2010). Also, Wan et al. (2013) observed that WSN
and M2M are similar in numerous networking aspects,
but there are major differences in architecture, design and
philosophy. While WSNs are designed to deliver sensor-related
data, M2M enables autonomous communications between
M2M devices with limited or no human intervention. Finally,
IoT can be described as the connection of all the electronic
devices around us in internet-like structure. The devices have
global identity like IP (internet protocol addresses) which can
be used to communicate them directly. In addition, M2M has
been described as B2B (Business-to-Business) point solutions
in which the remote devices will communicate to the
central server via the network connection (internet) and the
server processed data will be distributed via the internet to
the devices; while IoT is B2B2C (business—to-business-to-
consumer) (Beecham Research, 2012). This implies that WSN
is a form of M2M and M2M is a form of IoT, as shown in

Figure 1.

This paper evaluates different efforts by different
standardisation organisations and the impact of such efforts
on the lifespan of the M2M communication devices. This
paper is first of their kind that exclusively discusses the
works of many SDOs and the techniques they applied in
enhancing the energy efficiency of the devices. This paper is
organised as follows: In Section 2, we present the M2M
standardisation activities by the major SDOs; followed by
the M2M architecture in Section 3, the energy implications
of different standardisation activities on the lifespan of the
M2M devices are presented in Section 4, and finally, the
open research topics and the conclusion are presented in
Sections 5 and 6, respectively.

Figure 1 The relationship between WSN, M2M and IoT
(see online version for colours)

2 M2M standardisation

The concept of M2M standardisation became popular towards
the end of last decade, because of the need to enable
interconnections between different vertical M2M applications
that were deployed by various communication companies
and the need to have a common M2M architecture on which
the existing and new direct/indirect M2M companies could
develop their products. GSC (2013) observed various efforts
that are being made by different world SDOs in bringing out
common M2M standards that will enable rapid M2M
developments, convergence of the already existing M2M
applications and remove heterogeneity, which will catalyse
M2M communications into a horizontal communications
paradigm (Kim et al., 2013). The M2M ecosystem will include
all the M2M stakeholders: M2M device manufacturers, ISPs
(Internet Service Providers or Network providers (NPs)),
platform providers, service providers and service users. As a
consequence, it is expected that there will be a huge expansion
in the applications of M2M communication devices, as shown
in Figure 2, which will result in huge incomes to M2M
companies. Following this, the GSC (2013) stated that over
143 organisations are working assiduously for direct/indirect
standardisation of the M2M/IoT paradigm. In view of the
above, the following sub-sections will discuss some of the
major M2M standardisation activities.
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2.1 Weightless Special Interest Group (SIG)

The Weightless Special Interest Group (SIG) is a
standardisation organisation formed in 2011 to use white
space (unused TV channel — 470-790 MHz) as a medium
for M2M communications, whose aim is to form an M2M
standard called the weightless standard. The weightless
standard is a global open standard for the IoT with a
primary objective of low-cost connectivity for all the
anticipated M2M applications. The proposed weightless
standard is expected to have the following features: support
a large number of M2M communications terminals, M2M
devices long battery life, cheap M2M communications
equipment and service, mobility of M2M communication
devices; long range, low signal attenuation, and efficient
indoor and outdoor connections (Webb, 2012). The latest
weightless M2M communication specifications called
weightless core specification v1.0 was published in 2013
(Weightless, 2013) which aimed at cheap energy efficient
horizontal M2M applications using white space.

2.2 DASH 7 alliance

This group is a wireless data communications technology
that was formed to enable RFID-like identification for item
management and sensing systems. It is a non-profit industry
conglomerate, formed in 2009 to promote the use of ISO
1800-7 (radio frequency identification for item management)
standards for wireless sensor network (Mohammad et al.,

2012; Maarten et al., 2013; Sam, 2010). The body uses a
433 MHz spectrum for its communication, which gives it
the low-energy consumption, long-range communications,
low cost of infrastructure deployments, low-signal attenuation,
and efficient indoor and outdoor connections, advantages
over some other M2M SDOs. The applications are mainly
in the following: consumer electronics, pharmaceuticals,
energy, home automation, agriculture, aeronautical and
automotive (DASH7 Alliance, 2011; Usman and Shami,
2012).

2.3 Zigbee alliance

ZigBee formed in 2002 is a low-cost wireless mesh network
standard and can be said to be one of the foremost groups
whose works are centred on M2M/IoT communications
technology (Hersent et al., 2011). The ZigBee standard is
based on the IEEE 802.15.4 standard, which uses 2.4 GHz,
915 MHz and 868 MHz ISM bands for communications
(National Instruments, 2013). The low-energy consumption,
long communications range, secure networks, cheap and
low throughput characteristics of ZigBee made it one of the
popular M2M/IoT standardisation activities when compared
with other existing standards like Wi-Fi and Bluetooth. The
applications of the ZigBee standard include smart homes,
commercial building automation, consumer electronics, e-
health, retail management, smart—grid, etc. (ZigBee
Alliance, 2012; ZigBee, 2010; ZigBee Alliance, 2010).

Figure 2 The anticipated M2M applications (Beecham Research Limited, 2009) (see online version for colours)
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2.4 IETF task group on M2M/IoT

The Internet Engineering Task Force (IETF) is one of the
world renowned internet connectivity experts, who formed
their first task force on M2M/IoT applications called
6LoWPAN (IPv6 over low-power wireless personal area
network) in 2004, with their first technical specification in
2007 (RFC 4919) (Hersent et al., 2011; 6LowPAN, 2014;
6LowPAN, 2014). 6LoWPAN was established to enable the
running of IP over low power and lossy networks or battery-
powered networks that were used for home and industrial
automation. This was followed by another working group
called IETF (Routing Over Low-power and Lossy networks
— ROLL) in 2008 to create an IP level routing protocol
adapted to the requirement of mesh networking for IoT with
their first specification called RPL (Routing Protocol for
Low-power and Lossy networks) in 2011 (Levis et al.,
2009; Ko et al., 2011; Hersent et al., 2011).

2.5 ETSITC M2M

European Telecommunications Standards Institute Technical
Committee on M2M hope to provide an end-to-end M2M
standard which they hope to achieve by working closely
with ETSI’s works on the next generation networks and
with 3GPP standards and standardisation activities for
mobile communications technologies. Their earlier work on
M2M standardisation was their published technical report
(use case) for smart metering (ETSI, 2011a), technical
report (use case) for e-health (ETSI, 2009), technical report
on automotive applications (ETSI, 2013a), technical report
use cases for M2M applications for connected consumer
(ETSI, 2013b) and other M2M applications technical
report initiatives. Their technical specifications cover
M2M service requirements, interfaces and architectures for
the M2M applications they are working on, with their
connection medium being the existing wireless network
standards which will be mainly a combined connectivity of
cellular networks (GSM, UMTS, LTE, LTE-advanced) and
short-range radio networks (IEEE 802.11 standards) (ETSI,
2011b). Their main standardisation objective is to provide
a service-oriented end-to-end M2M  standard, though
without underpinning the specific spectra or technologies for
communications. Based on their proposed M2M structure,
M2M devices can either connect to the network domain
directly or through the gateways (Anthony et al., 2013).

2.6 ITU-T

The International Telecommunications Union is a
telecommunications standardisation advisory group (ITU-
TSAG) that established a technical committee called the
global standards initiative on Internet of Things (IoT-GSI)
to promote a consolidated path in ITU-T for developing a
technical standard that will enable the IoT in the global
scale in 2011 (ITU [182], 2011). To achieve this aim, they
adjusted ITU-T questions from the study groups on IoT,
which acts as a guideline for developing the standard and

they hope to unify IoT development worldwide by working
in collaboration with other SDOs.

2.7 IEEE 802.16’'SM2M TG

The Institute of Electrical and Electronics Engineers (IEEE)
is one of the world’s standardisation organisations that
established an M2M task group from their wireless
broadband standards for local metropolitan area networks
called the IEEE 802.16’s M2M task group to develop,
amend and enhance the air interface for broadband wireless
access system for a metropolitan area network standard to
support M2M communications applications in 2011 (IEEE
Standards Association, 2012a). This standard is based on IMT
2000 standard around the radio spectrum of 2000 MHz. The
aim of the group is to enable a range of M2M applications in
Wireless Wide Area Network (WWAN) communications in
the licensed bands. The IEEE WIMAX Forum, which also
working of the M2M standardisation is also a subsidiary of
this group (WIMAX Forum, 2014). The group has an interest
in the following M2M applications: surveillance, tracking,
vehicular telematics, e-health, smart metering, etc.

2.8 Other IEEE standards

The IEEE 802.15.4 standard which is a wireless Medium
Access Control (MAC) and physical layer (PHY)
specification for Low-Rate Wireless Personal Area
Networks (LR-WPANSs) was established in 2003, and has
being used widely on M2M/IoT because of its inherent
features. They also established a task group for the
amendment of IEEE 802.15.4 standard that support the PHY
for active RFID system bi-directional and location
determination applications in 2006 using 433 ISM bands
with their first specification in 2011 (IEEE Standards
Association, 2012b).

2.9 3GPP SI and 3GPP2

The 3rd generation partnership project stage 1 (3GPP Sl1)
protocol technical specification group is one of the pioneers
of M2M standardisation working groups set up by 3GPP
to optimise the Long-Time Evolution Advance (LTE-A)
interfaces for M2M communications. The group brought out
their first specification for M2M communications called 3GPP
TS 22.368 V10.1.0 in June 2010 (3GPP, 2010) and have
provided so many optimised versions of the same specification
afterwards (3GPP, 2011; ETSI, 2011; 3GPP, 2012; 3GPP,
2013). In addition, the 3rd generation partnership project two
(3GPP2) technical specification groups that was also set up
by 3GPP to optimise CDMA-2000 air interfaces for M2M
communications, the group also brought out their technical
specification for M2M communications in December 2010
called S.R0141-0 V1.0 (3GPP2, 2010). The specifications
aimed at horizontal M2M applications using cellular network
(CDMA-2000 and LTE-advanced).
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3 M2M architecture

In line with ensuring energy efficiency of M2M devices,
different SDOs have proposed different architectures as the
means of actualising this dream, the objective of this section
is to evaluate different M2M structures being proposed by
different SDOs, with the view of understanding the energy
cost of them. The sub-sections below discuss the major
architectures that could be used for M2M communications.

3.1 Clustered-based M2M structure

A cluster-based M2M structure is one of the most popular
M2M architects that have wide application in M2M
communications especially in WSN. This is as results of the
following: energy saving, network scalability and network
topology stability that characterise the cluster structure. The
clustering structure is necessitated by spectrum scarcity and
energy efficiency associated with short-range communications.
The cluster-based M2M algorithms can largely be grouped into
three sub-groups as discussed in more detailed in the following
sub-sections.

3.1.1 Static WSN structure with Channel Heads (CH)

This could be said to be the most popular WSN structure in
which the sensor nodes transmit to their CHs which fuse the
node’s data together and transmit the data onwards to the
sink. Heinzelman et al. (2002) proposed a Low-Energy
Adaptive Clustering Hierarchy (LEACH), which will rotate
the cluster heads randomly among the cluster members,
which then communicate with the sink to balance the energy
among the sensors. The randomness in the selection of the
CH was believed to be incongruous because of the chance
of re-selection of the earlier CHs as the new ones with the
associated latency and energy usage of the nodes in the
network coupled with the energy cost of the long-range

Figure 3 Static WSN structure with CH (see online version for colours)
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communications associated with some CH and non-optimal
distributions of the CHs (Muruganathan et al., 2005). Also,
LEACH-C was proposed by Wu and Wang (2010) in which
the BS uses the location and the energy level information of
the nodes to form the clusters with more centred CH to
minimise energy loss via attenuation. In another method,
Muruganathan et al. (2005) propose a centralised energy
efficient routing protocol called Base-Station Controlled
Dynamic Clustering Protocol (BCDCP) in which the BS
will set up the clusters-CH based on their location and the
routing path to the sink which could incorporate CH-to-CH
routing to send the data to the sink, carry out rotation of the
CH among the cluster members and ensures balance and
uniform of the CHs in WSN field.

3.1.2 Multi-hop-based WSN structure

This type of WSN-based structure is necessitated by
the energy efficiency associated with short-distance
communications. In this structure, a node will transmit data
to the next node which is on its route to the sink.
PEGANESIS was proposed by Lindsey and Raghavendra
(2002) in which each sensor uses the WSN, transmitting the
sensed data to the nearest node towards the BS, which will
fuse the data into their sensed data and send to the next node
till the last node that is closest to the BS will fuse all the
data together before transmitting to BS. In a similar manner,
Tsa et al. (2012) proposed a node data aggregation in which
the node(s) will transmit their sensed data to the next node
on their routing path to the BS, the later node will buffer the
data for a predetermined time before transmitting to the next
node until the data gets to the gateway, which then transmits
it to the BS. This is because of the ability of the M2M
device to retrieve sensed data from similar M2M devices.
This does improve the energy efficiency when compared to
the static WSN.
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Figure 4 Multi-hop WSN structure (see online version for colours)

Structure with CH rotation among the nodes, but, the
algorithm may not be efficient for some applications
because of latency and communication overheads.

3.1.3 Mobile sink-based WSN structure

This is a new WSN communications paradigm that is
growing in popularity in today’s WSN. This mechanism will
make the mobile sinks move randomly close to the nodes
to collect the sensed data and then forward the collected data
to the BS. This technique can be said to have more
implementation complexity compared to aforementioned
techniques but also the signalling energy cost is high.

On the aspect of the energy efficiency of the nodes,
different techniques have being proposed by researchers such
as Huang and Liu (2013), who proposed High Reliability
Data Gathering Using Mobile Sink (HRDG-MS) in which the
mobile sink moves randomly in WSN and periodically sends
BEACON packets announcing its location to the neighbouring
sensors. They observed that the existing proposed protocols
based on the mobile sink mechanism as the means of
enhancing the energy efficiency of WSN can be grouped into
three: one-hop base strategy — this entails the mobile sink
moves randomly in the network or in a planned direction and
collects data from nodes via a one-hop strategy when the
sinks are in their communications range, the other which this
section is concerned is the clustering mechanism in which the
CHs compress and send their collected data from their
members to the mobile sink whenever in their range. The last
is multi-hop base strategy in which sensors send their data to
the mobile sink via multi-hop while the sink is mobile.
Another approach is to use a planned adjustive data gathering

Sensor node

Data transfer via
Wireless network link

Base Station

algorithm for mobile sinks in large-scale WSNs to balance
the power consumption of the sensors in the said network
which will prolong the network lifespan (Saad et al., 2008). It
can be argued that the latter proposal based on a mobile sink
uses relatively more energy than HRDG-MS because of the
implementation of clusters. The communications between the
mobile sink and the nodes is only via the CH that collects the
sensed data together before forwarding it to the mobile sink.
The challenge of this model is their inabilities to incorporate
rotation of CH which will make the CHs die off more
quickly than other nodes as a result of high processing and
communications energy demands.

3.2  Gateway-based M2M structure

This is one of the most popular M2M structures, in
which 3GPP is proposed. The implementation of M2M
applications using the current Mobile Cellular Network
(MCN) has brought the idea of an intermediate gateway
base M2M structure. This is to enable the MCN to be able
to accommodate numerous M2M applications and devices
without affecting the Quality of Service (QoS) of the
primary users. Laya et al. (2013) suggested that the M2M
devices organise themselves locally with the aid of short-
range radio technologies such as Body Area Networks
(BAN), Wi-Fi and WSN, creating an M2M area network.
The M2M area network will connect to the core cellular
network via M2M gateways which are equipped with a SIM
card. Many papers have been written on enhancing the
efficiencies of this structure to be able to accommodate
numerous M2M devices, to be energy efficient and maintain
the security of the structure.
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Figure 5 Mobile sink WSN structure (see online version for colours)

Based on 3GPP LTE-advanced, M2M devices will
communicate to the LTE network directly if they are
isolated or will communicate via a gateway (modem) if they
are close to each other (Saedy and Mojtahed, 2011). The
gateways have the capacity to communicate with the M2M
devices and the cellular network. In relation to above
mentioned, 3GPP also proposed Home NobeB technology,
in which the connected home network will connect to the
3G network via one gateway (3GPP, 2008; 3GPP, 2009).
Following this, Yunge and Zhipeng (2009) proposed a
policy-based home NodeB gateway self-configuring
structure which aimed to enhance the QoS of the said model
in which the home NodeB establishes the link before
transmission by sending a request to the policy server first,
which aids to enhance the QoS. In addition, Kim and Choi
(2010) proposed the effective M2M gateway selection
algorithms for a geographical region-based query in which
the registered M2M devices can effectively select the
appropriately registered M2M gateways in the M2M
platform based on the locations of the devices and the
gateway. While other authors (Luo et al., 2011) advocate for
a multi-access gateway that can connect the heterogeneous
network and is also capable of receiving and processing
diverse sensed data especially for smart homes.

3.3 Cellular-based M2M structure

The cellular-based M2M structure is one of the most popular
M2M standardisation activities going on today with so
many already deployed by the mobile network operators and
other M2M-based companies (Meters and More Open
Technologies, 2012; Sierra Wireless, 2012; Sierra Wireless,
2013; Rogers, 2014). The popularity of the cellular-based
M2M structure is necessitated by the ubiquitous coverage,
plug-and-play support and mobility support of the current
MCN. Despite these merits, there are a number of major
challenges of M2M deployment in the current cellular
network. The first is the management of the signals that will
emanate from numerous M2M devices to avoid congestion of
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the network and the second is the adoption of energy sucking
algorithms that are used for Human-to-Human (H2H)
communications into an energy efficient algorithm that will
be suitable for anticipated modus of operandi of M2M
communications. 3GPP and IEEE standardisation associations
are the popular bodies that are developing M2M standards
based the existing cellular wireless network. While 3GPP is
working on adjusting the air interface and the radio access of
CDMA-2000 and LTE-advanced for M2M standards of
which they have published their recommended standards
based on the radio networks, IEEE 802.16p is working on
doing the same on IMT-2000, which is also a cellular-based
architecture (3GPP, 2008; 3GPP,2009).

The main limitations of using MCN for M2M
communications are the energy inefficiency of the existing
MCN algorithms and the anticipated congestion of the
network. It has been observed (Dhillon et al., 2013) that
MCN including LTE was not designed for the link budget
requirement of an M2M traffic pattern. The need to tackle
the congestions in MCN leads to the introduction of
gateways which was discussed earlier. Another group that is
working on M2M cellular-like communications paradigm
based on lower frequencies spectra than the MCN spectra
called Weightless SIG as discussed in the earlier sections
(Weightless, 2013).

3.4 Hybrid-based M2M structure

This structure unites the cluster, gateway and cellular-based
M2M structures. This structure can be seen as the potential
standardised M2M structure because of the divergent M2M
applications and standardisation activities. The rationale
behind the hybrid M2M structure is that direct connections
of all the M2M devices into MCNs may not be possible
because of the large number of the devices to be deployed
into the network, and also to harvest the merits associated
with different M2M structures. Laya et al. (2013) observed
that the random access channels of LTE and LTE-A
networks are prone to congestions in M2M cases. Hence the
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need to integrate the short-range radio services and the wide
area cellular networks, which will exploit the strengths of
both types of technology to enhance the efficiency of M2M
communications. Many experts in the field are proposing
the use of wireless Local Area Networks (LAN) for
connection of M2M devices in the same locality, while the
applications that need global identity will be connected by
amalgamating the gateways and the cellular network. One
typical example of a hybrid M2M structure is the integration
of the Home Area Network (HAN) and the Wide Area
Network (WAN). The HAN devices can be connected by
IEEE 802.15.4 standards like 6LoWPAN and ZigBee,
which are energy efficient wireless standards in relation to
most other M2M standards such as Wi-Fi, mash radios and
connect to the WAN such as a Weightless and MCN via the
gateway to the server.

4 Energy implications of the standardisation
activities

Energy efficiency of M2M devices is one of the major
design goals of the M2M networks and standardisations,
based on the anticipated billions of devices expected into
the networks in the nearest future (Ericsson, 2011).
Consequently, the SDOs have recognised that a standard
based on energy efficiency is the only way to actualise the
dream of the connected world. In this section, we looked at
the energy implications of different M2M specifications and
different energy efficient algorithms being proposed by the
SDOs and researchers based on each specification as the
means of actualising an energy efficient connected world.
Table 1 gives the properties of some of the SDOs.

From Figure 6, it can be seen that SDOs have different
lifespan for their M2M devices even though some of them
use similar frequency bands for communications. The SDO
with the longest battery lifespan is the weightless specification,
which uses white space for M2M communications, giving
battery lifespan of over 10 years (Weightless, 2013). DASH7
Alliance uses a 433.95 MHz spectrum for the M2M
communications and has an expected lifespan of four years
(Mohammad et al., 2012). The next SDO with long battery
lifespan for their devices is the ZigBee specification, which
has a lifespan of two years (Zigbee, 2014). Other SDOs that
are adopting 3GPP M2M specifications have a battery
lifespan of some days. The difference in the battery lifespan
of SDOs even when using a similar spectrum is as a
result of the difference in the communications principles
and techniques they are using for M2M communications.
The specification from weightless SIG seems to capture the
ideal framework for M2M horizontal communications
because of the vast spectrum they intend to use for M2M
communications. The weightless specification has the
longest lifespan as can be seen from Figure 6, and a
maximum propagation range of 10 km. The energy
efficiency of the terminal is achieved through energy
efficient algorithms, efficient coordinated sleeping and low-
terminal transmission and reception energy (Weightless,
2013).

4.1 Algorithms

To achieve the require energy efficiency of M2M devices
and networks, a holistic approach is required. To this end,
this sub-section examines the energy efficiency principles
being adopted by the SDOs in enhancing M2M energy
efficiency.

Table 1 The SDOs and their properties
Standardisation ETSITC IEEE 802.16°S IETF TASK  ZigBee  DASH7  Weightless
Bodies/ 3 GPPSI 3 GPP2 ITU-T Group on . .
Characteristics M2M M2M TG MOM/IoT Alliance  Alliance SIG
400,
800 868-868.6, 8068,
Frequency (MHz) 1800, 2300, 800, 1800, 1800  Open 2000-6000 902-928, 915, 433 470-790
2600, 3600 230:?&30600’ 2400-2483.5 2400-2483.5
Communications
Cost per device ($) 20+ 20+ - 20+ 20+ <10 10+ 10+ 2+
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Figure 6 The spectrum and battery lifespan features of major SDOs (see online version for colours)
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4.1.1 Coordinated sleeping mechanism

Coordinated sleeping and waking mechanisms have being
described by researchers and experts as the techniques for
enhancing the energy efficiency of wireless devices that are
used for M2M communications, because of the planned
traffics patterns associated with them (Wei and Shih, 2013).
In the light of the above, 3GPPS1 have proposed discontinuous
reception and transmission (DRX/DTX) in which the
devices will turn off their radio interfaces and go into sleep
mode whenever they are not communicating (3GPP TS
36.321, 2012). The weightless standard which is one of the
SDOs with the longest lifespan for the devices also have a
sleeping mechanism in place that will enable the devices to
go to sleep for a predefined time and listens for a very short
time as scheduled by the BS. Some of the devices that are
connected to the mains will continuously sense and transmit
their data to the BS (Weightless, 2013), while the ones with
limited power will schedule a sense and transmit activity in
a predefined time. This technique in conjunction with
energy efficient techniques enables them to actualise over a
decade lifespan for the devices. ZigBee, DASH7, IEEE
802.16’s, IETF and other SDOs have also incorporated
sleeping and waking mechanisms in their specification as
the technique for elongating the lifespan of M2M devices
(Maarten et al., 2013; National Instruments, 2013; Zigbee,
2014; Norair, 2009; Wei et al., 2010; Liu et al., 2013;
Toscano and Lo Bello, 2012).

4.1.2 Centralised data processing mechanism
(cloud computing)

This is another technique being employed by different
SDOs in enhancing the energy efficiency of M2M networks
devices. The sensors that are used for M2M communications
only sense the data and transmit to the server, which then
processes the data and issues a command based on the
outcome of its processing to the node(s) for execution. The
rationale behind the centralised data processing is to save
the energy of the nodes that could have being spent
processing the data to avoid associated complexity in the
devices which would use the limited energy resource in

maintaining the interfaces of their circuitry. Cloud computing
can reduce the energy cost by 68—-87% of office equipment
like data servers (Google, 2012). In line with this discovery,
some of the SDOs are looking into implementing cloud
computing techniques in order to enhance the battery
longevity of M2M devices. Also, it has been observed
(Osawa, 2011) that cloud computing aids in the expansion
of M2M application areas by reducing the price and
enhancing the performance of communications devices. In
the light of the above, the Telecommunications Industrial
Association (TIA), which is also one of the SDOs, have
established a committee on cloud computing to amend their
existing standard on M2M to be applicable to cloud services
(TIA, 2011). In addition, ITU-T is looking at how to adjust
the M2M recommendations to access cloud computing
services (ITU, 2013).

4.1.3 Compressive Sensing (CS)

This is another energy efficient technique that is being used in
M2M communications. M2M communications generally
consists more of data communications, in which the node(s)
sense a signal and transmit via a wireless network to the
server. The application of compressive sensing will reduce
the quantity of data to be transmitted via the wireless network
to the server. This technique is already being applied in M2M
communications (EXALTED Consortium, 2012). Earlier
work (Challa et al., 2002) on distributed data fusion using
support vector machines is one of the fundamental principles
of the compressive sensing technique. The data aggregation
of M2M communications terminals can be done via the
application of restricted isometric data gathering technique
among the M2M devices, the architecture arranged data
gathering technique, and the cluster arranged data gathering
technique. Compressive sensing is then applied to the
gathered data before transmission to the BS which then
decompresses the data. The application of compressive
sensing will reduce the amount of data that will be
transmitted via the wireless network which will reduce the
communications time, thereby enhancing the energy
efficiency since it is the communications components of the
wireless devices that consume over 50% of energy.
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4.1.4 Green communications

Following on from the negative environmental impact of
energy inefficient devices, green communications is
receiving high attention as the means for curbing the trends
of high energy demands by the ICT sector. The report from
Global e-sustainability Initiative (GeSI) indicated that green
communications technique can aid in reducing the CO;
emission in the ICT sector by 15% by the year 2020 (GeSlI,
2008). Also, according Amanna (2010), a medium size
cellular network consumes as much energy as 170,000
homes and the energy cost of powering the BS accounts for
over 50% of the services providers’ overall expenses. The
GeSI report and works of researchers, such as Miao et al.
(2009), indicate that battery technology has not progressed
as fast as the semiconductor technology. Consequently, the
energy efficiency of the wireless devices needs a cross-layer
approach to actualise (Miao et al., 2009). Some of the world
organisations such as IEEE, EIT ICT Labs, Huawei and
Green Communications have established technical working
committees to oversee the implementation of green
communications in ICT. With the recent events of M2M
communications and numerous anticipated devices to be
deployed into the network in the near future, green
communications will be an efficient technique to actualise
the energy efficient M2M communications.

4.1.5 Cognitive Radio (CR)

CR is a technique in wireless communications in which the
transceiver is capable of intelligently detecting and using
vacant channels for its transmission and reception while
avoiding occupied channels. CR is necessitated by the
spectra scarcity, according to Kaneko et al. (2008). CR is
defined as the wireless communications technology in
which the wireless devices communicate through an optimal
wireless system based on the recognition of radio resources
availability in heterogeneous wireless communications systems
(Kaneko et al., 2008). The heterogeneous and number features
of M2M communications have necessitated the application of
these techniques to be able to achieve reliable and high energy
efficiency of M2M communications system. Some of the
SDOs are already using this technique, especially the ones
whose specifications are based on the already occupied
spectrum. The application of this technique in M2M
communications will enhance the communications efficiency
especially in the already occupied sub 1 GHz spectrum, thereby
reducing communications time and enhancing the energy
efficiency.

4.1.6 Artificial Intelligent (A1) and
Swarm Intelligence (SI)

This is another paradigm that is gaining popularity in M2M
communications because of its unique features. The
autonomous nature of M2M communications necessitates
the applications of AI and SI in order to enhance the
reliability of the system. Al consists of tools, methods and
systems for solving problems that will require the

intelligence of human beings autonomously (Kasabov,
1996). While SI is an application of Al, it is an innovative
distributed paradigm for solving optimisation problems
whose concept comes from the biological like swarming,
flocking and herding phenomena in vertebrates. SI is the
quality of a system in which the collective behaviours of
the naive agents that are interacting locally with their
environment will lead to a coherent functional global pattern
(Kumar and Thakur, 2012). While Bonabeau et al. (1999)
define SI as the emergent collective intelligence of groups
of simple agents. SI is a new paradigm, hence is being
researched to improve the management and control of large
number of interacting entities such as communications,
computer and sensor networks.

5 Open research topics

e  M2M standardisation based on sub 1 GHz spectrum
because of the cost, coverage and energy efficiency.

e The modalities for fast converging of the divergent
M2M standardisation activities into one.

e Enabling M2M servers in the cloud using cloud
computing mechanism because of flexibility in
connections and energy efficiency implications.

e  Applications of CS on the horizontal M2M communications
especially on the high-data-dependent applications.

e Enhancing the sensing efficiency of the M2M devices
with sleeping mechanism.

o Efficient utilisation of CR techniques in enabling M2M
communications in lower frequency spectrum.

e  The application of SI technique in M2M communications.

6 Conclusion

This paper discussed different M2M communication
standardisation activities by different global SDOs, the
M2M structures followed the energy impact of different
standardisation activities was discussed and analysed, and
the energy efficient techniques being adopted by different
SDOs in elongating lifespan of the devices was discussed. It
is observed that weightless specification has the longest
battery lifespan for M2M devices, cheapest in terms of cost
per chip, the services cost, and infrastructure deployment
cost and the range of the networks’ signals per BS.
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