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Abstract 

 

In the era of rapid technology development it is only a matter of time when 

majority of devices will become inter-connected. At that point a concept of 

Internet of Things will become a reality, and leveraging on a true Machine-to-

Machine (M2M) communication will be possible. Being able to monitor 

electricity spending, having your medical condition sent to your personal doctor, 

knowing when you will need to change the battery in your remote control or your 

window being able to close itself because it has started to rain, are only some of 

the perks of new connected world.  

However, these devices will need to be connected and one of the solutions will 

be mobile networks. In this master thesis, a total cost of ownership model has 

been used so as to compare different deployment strategies of mobile networks 

carrying M2M traffic and to determine the cost-efficient solution. Compared 

strategies mostly include small cell solutions due to their general better signal 

characteristics in an environment of future high data demand scenarios and 

flexibility. In order to do so, firstly a characterization of M2M traffic had to be 

researched and afterwards requirements of network using LTE technology were 

proposed.  

Finally, a partial discussion in regard to deployment strategies of mobile network 

has been done with an intake from Mobile Network Operators (MNOs). 

Moreover, aspects concerning present and future M2M market have been 

elaborated, again in retrospective to MNOs and in collaboration with other 

actors in the market. 
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1. Introduction 

1.1. BACKGROUND 

There is an industry consensus in regard to the increase of data traffic. According 

to Cisco’s Visual Networking Index (Cisco, 2014) annual run rate will be 190 

exabytes by 2018, increasing nearly 11-fold between 2013 and 2018. Moreover, 

similar conclusion has been made in (Ericsson, 2013) and with simple 

extrapolation (Baldemair, et al., 2013) argue that more than hundred-fold traffic 

increase will happen within next ten years. A contribution to that number comes 

from the Machine-to-Machine (M2M) communication which in 2013 represented 

1.39% of all traffic. However, with the biggest growth rate M2M traffic is expected 

to increase its share of mobile data traffic up to 5.72, (Cisco, 2014).  

However, it is not only the data amount of M2M traffic that is important, but 

also the number of connections which increases by 43% on a yearly basis just 

over cellular networks, Figure 1.1. It can be also observed that the technology over 

which these devices communicate is less and less over 2G, and steadily increasing 

over 4G. Moreover, Ericsson predicts that by 2020 the amount of connected 

devices, over any wireless technology, will be 50 billion, (Ericsson, 2011). 

 

 

Figure 1.1: Global Machine-to-Machine growth1 

In support to these forecasts for M2M traffic is ever more increasing number of 

shipment companies (e.g. UPS) that have begun to use this technology in their 

daily business. Similarly, all the major mobile operators such as Telefonica, 

                                                           
1 http://www.cisco.com/c/en/us/solutions/collateral/service-provider/visual-networking-index-
vni/white_paper_c11-520862.html, visited: 2014-08-07 

http://www.cisco.com/c/en/us/solutions/collateral/service-provider/visual-networking-index-vni/white_paper_c11-520862.html
http://www.cisco.com/c/en/us/solutions/collateral/service-provider/visual-networking-index-vni/white_paper_c11-520862.html
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TeliaSonera, Vodafone and other, have realized the potential of M2M 

communication and have launched their own M2M-speciallized units with a 

purpose of helping their customers to quicker launch their own M2M services 

through operators’ networks (VanDervoort, 2013). 

Furthermore, Internet of Things (IoT) which is basically the network of all 

devices connected over Internet that brings together people, processes, data, etc. 

is the enabler for gaining value out of M2M communications. However, it is also 

the future that we have to think about in a sense of implementation of 

infrastructure to support it. Mobile and wireless communication systems in 

general will have to satisfy this exponentially increasing traffic and one of the 

projects in charge of developing next generation of mobile communications – 5G, 

is METIS project2. While many contribute intellectually to the project (academic 

institutions, system designers and integrators, mobile operators, etc.), EU has 

made substantial financial contributions towards the development of 5G, 

(European Commission, 2013).   

New technologies as well as new concepts, such as heterogeneous networks 

(HetNet) are projected to be the key elements in order to overcome data traffic 

increase. HetNets are expected as solutions since in that way capacity will be 

deployed as needed, (Zander & Mahonen, 2013). Instead of deploying same 

capacity to all the areas according to the peak hour, HetNets will provide bigger 

capacity where needed (indoors) and offer reduced capacity in suburban and 

rural areas. This will be achieved by using macro stations for large areas and small 

cells in indoor solutions. Such solution is important because wireless usage is 

shifting toward indoor environment; such are residences, office buildings, 

shopping malls, etc. Finally, as stated in (Cisco, 2012) macro stations have been 

built for voice on the go and new small cells, will address modern data usage. 

  

                                                           
2 http://www.metis2020.com, visited 2014-08-07 

http://www.metis2020.com/
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1.2. PROBLEM MOTIVATION AND RESEARCH QUESTIONS 

It is important to understand not only the background of the problem in question 

but also theoretical perspectives and what has been done so far, regarding small 

cell deployment and M2M traffic characterization. Therefore, this chapter will 

focus on related work and delimitations of the study. Afterwards, attention will 

be brought to the gap among all the body of literature observed so far. The 

purpose of the study is to “fill” that gap, which will be achieved by answering the 

research questions stated in the end.  

1.2.1. Related work 

For the telecom industry it is a grand challenge to design and deploy high-

capacity wireless networks taking into account limitations in cost, energy and 

radio spectrum (Markendahl, et al., 2011). Moreover, the facts that majority of 

data traffic is coming from the indoor environment (as of 2010, 80% (Frias & 

Perez, 2012)) and that the current technologies are still not adapted to a new and 

increasing M2M traffic, are additional challenges operators and vendors need to 

think about when developing their business and deployment strategies. 

One option that first comes to mind for high indoor traffic demand is the option 

to offload traffic from macro sites to small cells or Wi-Fi access points. Moreover, 

a cooperation of macrocell and femtocell networks can give a cost-efficient 

solution, (Markendahl & Makitalo, 2010) and will ensure that future capacity 

demand is met. Comparative studies between the macrocell and the small cell 

deployments have been done and there are different results depending on the 

variable that is being changed. 

Researchers (Markendahl & Makitalo, 2010) compared macro and femtocell 

network deployment options from a cost-capacity perspective and concluded 

that solution depends on the specific case. For example, if there is already 

deployed dense macrocell network it is usually cost-efficient to re-use sites, 

rather than to deploy femtocells. In this investigation backhaul is assumed to be 

already deployed, but it is important to have in mind that environment (city 

center, rural area, etc.) as well as consumer behavior (high or low user demand) 

influence which of backhauling solutions is actually applicable.  

However, which deployment option seems as a cost-efficient solution when M2M 

traffic is a variable is still unclear. The way M2M services are using network to 

transfer data is different than the one standard services do. As stated in (Nawaz 

Khan Marwat, et al., 2013) increased numbers of M2M devices communicate by 

sending small sporadic data packets and that kind of behavior might become, in 

some cases, problematic for provisioning mobile broadband. Furthermore, after 

analyzing M2M traffic during one week period, (Shafiq, et al., 2012) have 

concluded the following distinguishing traits between these two types of traffic: 
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 Devices generate significantly less traffic than humans, but the rise of the 

number of M2M devices is acknowledged to be greater than the one of 

smartphones.  Thus, the first challenge is identified as one where there is 

a simultaneous interconnection of a huge amount of devices, (Lioumpas, 

et al., 2011).  

 Connected devices are in general found to be less mobile than human 

users, making the problem of adequate deployment of network easier. 

However, in current conditions high number of localized devices can 

create disruptive congestion in traffic and endanger human traffic quality 

of service.  

  M2M traffic volume peaks correspond to people’s “working” hours, unlike 

smartphone usage, which corresponds to waking hours. Because of these 

reasons, it is important to investigate what is the output when we 

introduce the behavior of M2M traffic into the equation of cost and 

complexity of the network.  

1.2.2. Delimitations 

As it has been introduced, an impact of the Machine Type Communication 

(MTC), which according to (ITU-D, 2011) is another term for M2M 

communications, on the deployment strategies and their cost-effectiveness will 

be investigated in this work. In order to emphasize the gap that is going to be 

introduced a chapter dedicated to related work has presented several points in 

regard to technological options, architectural trends, main overlooks and M2M 

characteristics that could change the way things operate today within the 

networks.  

Moreover, M2M services are a new part of a telecommunication industry and 

therefore present a neat source for revenue, especially in areas such are: security 

and public safety, remote maintenance and control, payment, e-healthcare, 

consumer devices, etc. It is still unclear which actor in the market will play which 

role and therefore at the start of the development of this market position itself 

as a leader. This work will also investigate these roles through a series of 

interviews and highlight current and future possible structure of a market.  

Therefore, the gap is identified in the intersection of three aspects showed in the 

Figure 1.2. It is a place where network deployment, M2M communication and 

business perspectives intertwine in groups of two or all three together. Scope of 

this thesis is largely on the intersection of all three aspects (as marked with a 

thick arrow), but will also address current M2M business aspects (a thinner line 

in Figure 1.2). In order to address evaluation of complexity and cost structure (of 

deployment strategies when M2M traffic is included) of future revenue-driving 

services, following three research questions will drive the study. 
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Figure 1.2: Three observed areas that have not been researched simultaneously 

1.2.3. Research questions 

A techno-economic study will give an answer to these three research questions. 

1. What kind of requirements of M2M communications induces complexity 
to mobile communication network?  

2. How does the M2M traffic affect deployment costs? 

3. How does presence of M2M communication influence MNOs network 

deployment strategies in a business-wise sense? 

1.2.4. Contributions 

This work will present results sequentially by answering each of the research 

questions. Characteristics of M2M and human-generated traffic are explained, 

troubling requirements are singled out and a model for dimensioning network 

depending on the signaling and data traffic is presented. Afterwards, in two 

different test case scenarios two deploying options are compared from cost-

efficient perspective. Finally, based on the conducted interviews current 

condition of M2M ecosystem is presented and actions of MNOs and its 

implications are analyzed.   

M2M traffic

Business 
aspect

Deployment 
strategies

Main contribution 
Additional 

observations 
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1.3. THESIS OUTLINE 

The thesis is structured as follows. In chapter 2, a detailed description of the 

methodology is presented. This includes presenting a research design and its 

parts – qualitative and quantitative aspects. After the explanation of how the data 

is collected in each of these parts and the way it will be mixed, reasoning behind 

each of the actions in the thesis is stated. Concluding remarks in this chapter 

relate to the validity of study.  

Furthermore, M2M communication is explained and traffic characteristics are 

analyzed in chapter 3. It also presents the way new and different behavior of 

traffic influences LTE networks as well as which are the consequences of it. The 

chapter is finalized with general MTC requirements.  

A refined model for Total Cost of Ownership (TCO), based on the several other 

papers and doctoral dissertations is introduced in chapter 4. Moreover, this 

chapter contains information regarding test cases around which the discussion 

will follow. Using this model and input from test cases, the evaluation of costs 

for different deployment options in respect to different volume of M2M traffic 

will be executed. 

In chapter 5 attention turns towards more business perspective and discusses 

MNOs role in M2M market. Moreover, this chapter represents the way different 

actors think about future development of M2M communications and explores 

which are the factors that MNOs consider when making a deployment strategies. 

The chapter has ground in conducted interviews and observes the issue from the 

business perspective. 

The main contribution will be presented in the chapter 6, together with the 

concluding remarks and possible future work. 
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2. Methodology 

2.1. RESEARCH DESIGN 

Having in mind that the analysis in question is a techno-economic one, it is clear 

that economic and business aspects have to do as much as technical perspectives. 

Therefore, the multi-disciplinary problem will be observed using mixed method 

research design. The procedures that will create the vessel to perform the study 

will be organized in two parts: quantitative study and qualitative study. Data 

collected during the qualitative study period will be the primary source of 

information, while the secondary (quantitative) study will be embedded or 

nested within the predominant one, (Creswell, 2009). This type of research 

design is called – Concurrent Embedded Strategy. Moreover a graphical 

interpretation can be seen in Figure 2.1. In this procedure both parts are executed 

simultaneously but one has purpose of supporting the other. Support is used in 

a sense of additional input and it can be positive and negative. The secondary 

data can confirm the conclusions from the primary data, but it can also 

contribute with a different perspective on the observations.   

 

 

 

 

 

 

Figure 2.1: Graphical representation of a research design 

The qualitative part will provide input from the previous research and industry 

and provide better understanding about the phenomenon in question – M2M 

traffic. Qualitative study, conducted via literature review and several interviews 

with officials of mobile and virtual mobile operators and experts in the field, will 

also have a part in addressing a different research question than the primary 

method is pursuing. As indicated, quantitative part has a purpose to support 

findings gained during the qualitative part, and will basically refer to second 

question. Additionally, some quotes from the interviews might be incorporated 

in the final paper, without elucidation, so that they can be freely interpreted by 

readers (Corbin & Strauss, 2008). 

Finally, answering the research questions in correct way will bring the best 

results in order to reach a common conclusion, “fill” the previously defined gap 

 
 

QUALITATIVE 

quantitative 

Analysis of 
findings 
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and provide a strong baseline for further research and potential business 

strategies. That is why this research design has been chosen and that is why this 

type of mixing (qualitative and quantitative) and weighing (primary and 

secondary study) of the parts in the methodology is needed. 

Furthermore, it is important to highlight the actions that will be used within this 

methodology and more specifically each of the parts, but also to stress the 

validity of the research as well. 

2.1.1.  Qualitative part 

Acquiring data for the qualitative part is done by using the literature study and 

by interviews. The first consist of collecting and studying related work and 

secondary data, such are white papers, presentations, online information, etc. 

Firstly, an appropriate body of literature has to be identified so that it could be 

used to extrapolate main differences between M2M and human-generated traffic. 

Out of this body of literature, notes are taken, reflections are written and 

questions are posed. These questions will later fuel the interview, but also 

generate context for understanding problem at hand. By interpreting and 

classifying these data conclusions regarding first research question are made. As 

a matter of fact, this review will be the primary source of information for the first 

question and interviews will provide additional comments.  

When it comes to conducting a series of interviews and analyzing collected data 

the situation can be a bit more difficult. These interviews will be semi-

standardized; meaning there will be a common set of questions which will be 

further adapted according to the person being interviewed, as in (Johansson, 

2007). For the first interviews, questions will be primarily based on the 

knowledge acquired in the body of literature, whilst later interviews will be 

containing questions based on the a priori conclusions based on the first 

interviews. These core concepts, as called in (Johansson, 2007), are identified at 

early stage and used to feed the next line of questioning. Questions are of open 

type, allowing interviewees to elaborate on their thinking. However, when 

specific questions are not answered directly in context of the questions, 

interviewees are either asked to be more specific or a typical closed (yes/no) 

question is asked. These questions were mostly related to potential data analysis 

executed within the specific company, deployment models and business aspects 

as well. 

The purpose of these interviews is to get an insight into the current condition of 

the MNO’s network and whether there already is a problem related to the 

increasing M2M traffic. Moreover, several questions will also tackle the reasoning 

behind their future actions and if M2M traffic represents one of the key issues 
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they are facing. Bottom line is that interviews will provide data which will 

support or contradict findings from the literature review. 

After careful literature review and having in mind the expected results for the 

third research question representatives of the MNOs have been first on the list 

of potential interviewees. While choosing who to interview I was interested to 

understand to what extent are managers taking into account the technical 

analysis. Therefore, my intention was to interview product managers and line 

managers in technical department. Three representatives in front of TeliaSonera 

and POST Luxembourg (POST) have shared their thoughts about M2M 

communications in general.  

However, I was also interested in business implications of it all and therefore 

contacted two more people from companies that provide connectivity for MTC 

devices, of which one is distinguished professor. In that way, I was able to observe 

the situation in the market from different perspective but also gather some 

insights from the researcher and entrepreneur in the same field.  

2.1.2. Quantitative part 

Under quantitative study a cost-structure of deployment strategies will be 

executed, based on (Johansson, et al., 2007) and (Markendahl, 2011). Although 

approach in (Markendahl, 2011) estimates network costs as a function of the user 

demand levels and geographical distribution, this study will include M2M traffic 

as well, and therefore provide useful insight about relations among cost 

structure, deployment strategies and M2M traffic. In this part of the study two 

deployment options will be considered in two test cases, which represent, by 

METIS documentation, future real scenarios with the significant mixture of 

human and M2M traffic. Further explanations and description of the test cases 

will be addressed in the dedicated chapter. Moreover, a detailed sketch of the 

used model for calculating Total Cost of Ownership (TCO) based on which a 

cost-efficient deployment strategy will be chosen can be found in the same 

chapter. 

 

2.2. VALIDITY 

Validity is an important aspect of every research. Being able to prove accuracy of 

the findings is an important step and that is why each of the parts of the research 

design has its own procedures for validating the results. 

The validity of the qualitative part, mainly interviews will be supported by two 

validity strategies as proposed by (Creswell, 2009). Firstly, triangulate strategy 

means that after having done several interviews if they all yield a same theme 

then it is a valid study - the notion of several independent sources have the same 
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common base. Secondly, member checking strategy means that after analyzing 

all the interviews, polished product (main theme) will be sent back to the 

participants for affirmation of the findings. These two will provide firm accuracy 

of the findings. 

Quantitative part will be done, as stated before, by following the framework of 

(Johansson, et al., 2007), (Markendahl, 2011) and (Mahloo, et al., n.d.). All three 

of these works have been widely accepted and deal with the similar issues as the 

one at question in this work. Moreover, input used for the calculations is taken 

from the acclaimed European METIS project. Additional data have been taken 

from the standards and reviews and will be furthermore motivated at the 

respective chapter.  

In the end, the entire work will be given for a peer debriefing, another validity 

strategy proposed by (Creswell, 2009). During this process, a peer reviewer will 

be chosen to go through the findings and ask questions in relation to it. This will 

add additional validity to the account. 
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3. MTC traffic characteristics and requirements 

3.1. ABOUT M2M IN GENERAL 

Up to this point, terms Machine-to-Machine (M2M) communication and 

Machine-Type Communication (MTC) have not been explained to the fullest 

extent. According to (ITU-D, 2011) both mean the same, thus will be used 

interchangeably in this work. However, it is important to state that this type of 

communication regards interconnection of different devices without human 

intervention. For further clarifications, these devices are defined as ones capable 

of replying to request for data contained within those devices or capable of 

transmitting data autonomously, (ETSI, 2011). Moreover, any communication 

that is done between sensors, a decision-making or action-executing machine is 

referred to as MTC. For example, a sensor network could be observed as an early, 

primitive form of M2M communications (Lien, et al., 2011), but the final idea is 

to enable comprehensive communications among all devices. At that point the 

concept of IoT will be realized and all the services that rely on M2M 

communication, such as remote supervision in logistical processes, smart 

metering and monitoring, intelligent transport system, e-healthcare, utilities and 

variety of applications within each vertical will achieve full potential (Nawaz 

Khan Marwat, et al., 2013). 

M2M communications can be used in many applications (see Table 3.1) even 

today and help processes similar to those stated above bring effectiveness to the 

operating companies. Nevertheless, the success of this idea and its practical 

application depends on how the M2M ecosystem will be architected. Several 

things have to be joggled at this point and many different actors in the market 

are pushing for the specific solutions. One of the key issues is whether the M2M 

traffic should be transported using the cellular networks or different proprietary 

solutions. Nonetheless, one is certain, standardization is a key enabler to remove 

the technical barriers and ensure interoperable M2M services and networks, 

(ETSI, 2011). 

With the widespread introduction of LTE and decommissioning of legacy 

systems, migration of MTC devices to LTE is under investigation by many cellular 

operators, (Ratasuk, et al., 2012). It is seen that LTE provides similar coverage to 

other cellular systems while providing significantly higher capacity. But is this 

additional capacity needed for M2M, or does this type of communication have 

different requirements. 

For example, MNO’s representative in Luxembourg commented that their M2M 

traffic is carried over 2G network, and believes that this system will last and stay 

so as to serve M2M services in the future as well. On the other hand, 

distinguished lecturer Prof. Dohler states that decommissioning of 2G is 
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inevitable, supporting his claims by naming that it is already happening in the 

USA. To complement these comments, devices included in the research 

published in (Shafiq, et al., 2012) are mostly 2G, while e-healthcare and 

smartphones had 3G possibility and in Figure 1.1 it could be seen that number of 

devices to be connected over 2G is predicted to decrease. 

Nevertheless, when we talk about cellular systems it is obvious today that by 

pushing LTE towards LTE-Advanced and even further, inherently the system is 

optimized for high-data-rate transmissions with custom interface design catered 

for human communication. Therefore it is reasonable to question whether it will 

also effectively support M2M communications.  

This concern has recently attracted serious attention in the standardization 

progress of LTE-Advanced. A design change will likely be necessary so that 

LTE/LTE-A networks are able to incorporate the M2M traffic without affecting 

the Quality of Service (QoS) of its regular user traffic, (Nawaz Khan Marwat, et 

al., 2013). Therefore, it is of importance at this point to understand the 

characteristics of M2M traffic and requirements MTC devices have. General 

comments and observations on this topic will be presented in the continuation 

of this chapter. 

Table 3.1: MTC service and application examples 

Service Area MTC Application 

Security and 
Public Safety 

Surveillance systems, home security, 
building access control 

Tracking 
Fleet Management, traffic sensor, 

roadway signs, traffic lights 

Payment 
Credit machines, vending machines, 

gaming machines 

E-health 
Monitoring vital signs, remote 

diagnostics 

Remote & Maintenance 
Sensors, vending machine control, 

vehicle diagnostics 

Metering Power, gas, water, heating 

Consumer Devices 
Digital photo frame, digital camera, 

eBook 

3.2. M2M TRAFFIC CHARACTERISTICS 

In order to properly understand the way M2M traffic influences the way future 

deployment strategies for mobile networks should look like, characteristics of 

M2M traffic have to be identified. Among related work, one has showed to be 

valuable in this area, and the research is presented in (Shafiq, et al., 2012). These 

authors have explored several important aspects, but the one that relates the 
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most to the question in this work is related to the temporal dynamics of M2M 

traffic. 

First of all, diurnal behavior of M2M traffic is different from the one smartphones 

generate, especially when comparing weekdays and weekends. It is observed that 

the traffic for MTC devices reduces during weekends, while in Human-to-Human 

(H2H) communications the amount of traffic almost remains the same during 

whole week, as seen in Figure 3.2. What is more important, dominance of upload 

over download traffic is minor in MTC case, but still present. On the other hand 

human-generated traffic observes as much as 3 times more volume in downlink 

than in uplink (observed in part a) of the Figure 3.2. This information is 

important to keep in mind, since future predicted number of connected devices 

may endanger upload link. 

  

Figure 3.2: Downlink and uplink time series for (a) smartphones and (b) M2M, 

from (Shafiq, et al., 2012) 

Another conclusion that relates on time series is that M2M communication has 

traffic volume peaks around midday and corresponds to human “working” hours. 

Again, as a contrast smartphone devices generate peaks that can be observed 

during human “waking” hours and late evening hours. This information suggest 

that most of the MTC devices communicate for business purposes and thus M2M 

communication is not yet well adopted for residential usage. Moreover, the same 

information can be used for potential solutions to “move” such machine-
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generated traffic peaks to the time slot where human-generated traffic is low, 

thus changing dimensioning procedures in the next chapter.  

Interestingly, authors have observed in the periodogram that M2M traffic has 

spikes in sub-hour domain, unlike traffic generated with smartphones where 

spikes have been observed 12 and 24 hour behavior. Conclusion out of this 

observation is that many MTC devices synchronously communicate every 

quarter, half and full hour, which may significantly contribute to the disruptive 

congestion in the cellular network. 

Finally, in the same paper, devices whose traffic has been analyzed have been 

classified into 6 service areas. Each of these areas has been described with 

different behavior of the traffic. For example metering and e-health gave spikey 

traffic volume, while asset and fleet tracking traffic has strong diurnal behavior. 

The only observed case with flat, steady volume of traffic was with devices for 

building security. Because of several observed moments of synchronized 

communication among M2M devices and MTC traffic peaks coinciding with H2H 

peaks, a new business incentives as well as development of new randomization 

methods are needed. 

In regard to the size of the MTC packets, it highly depends on the application, 

but it is reported that in the vehicle communications size is less than 500 bytes 

and in e-healthcare system up to 200 bytes, (Dhillon, et al., 2012). More 

information in regard to size, but also to average transaction time and data rates 

for payload and signaling data can be seen in Table 3.2. which was based on IEEE 

802.16's M2M Task Group3.  

Table 3.2: MTC application examples 

Application 

Average 
transaction 

time 
[seconds] 

Average 
message 

size [Bytes] 

Data rate 
[bps] 

Data rate 
signaling 

[bps] 

Surveillance 1 8000 64000 1560 

Home security 
system 

600 20 0.27 2.6 

Health sensor 60 128 17.07 26 

Smart meter 9090 2017 1.78 0.172 

Traffic sensor 60 1 0.134 26 

Having underlined these characteristics it is obvious that each of the aspects of 

M2M traffic is highly dependent on the specific case. Different services with 

different applications generate traffic with different behavior. Even though they 

                                                           
3 http://wirelessman.org/m2m/index.html#11_0014, visited 2014-08-07 

http://wirelessman.org/m2m/index.html#11_0014


PAGE 19 

are similar in some cases in most these services are highly distinguishable, and it 

is reasonable to be this way. Most of verticals i.e. different industry segments 

with services such are stated in Table 3.2, have different usage patterns, needs 

and requirements. These tree aspects are business driven, and it is therefore 

obvious that are application-driven. 

Moreover, all of the interviewees have agreed on such behavior, even if they have 

not analyzed their own traffic. They have either expected these differences in 

distinctive verticals, so have not studied the traffic, or simply have not had an 

authorization to observe it, since they were just providing a network. 

However what is important to take from this representation is that synchronous 

communication is the key issue, whether it happens at the same busy hour with 

H2H communications, or whether those are just the moments when many 

devices at the same location and at the same time have to send information. This 

collective happening could be devastating for the network, making it cripple to 

serve users, both humans and devices. Possible solutions for this problem would 

be to do schedule of devices i.e. when possible delay their data till the moment 

when human traffic is in low period and/or develop randomizing mechanism to 

direct devices to send information at different time instances. Both have been 

confirmed by interviewees, again. 

3.3. EFFECT ON THE NETWORK 

Previous chapter explained characteristics of M2M traffic and differences with 

human-generated traffic. Moreover, in the previous chapters a cellular network 

was mentioned as one of networks suitable to support M2M traffic. Some authors 

(Dhillon, et al., 2012) stipulate that by being omnipresent, cellular networks are 

an extremely attractive option for handling growing number of connected 

devices. Not only with a direct connection between BS and a device, but also in 

solutions with aggregation points for multiple connections. Moreover, M2M is 

becoming a major aspect of data services on which MNO’s and other actors in 

the market are relying as a new stream of revenues. Nevertheless, the question 

of how does this traffic influences the network remains open for further 

discussion, research and interpretation. 

Having in mind that this work focuses on future mobile network, in this chapter 

the influence on an LTE cellular network will be displayed, issues will be raised 

and possible potential solutions will be suggested. This decision has been made 

since the majority (51%) of total mobile data traffic by the 2018 will be transferred 

over a 4G network, (Cisco, 2014). It is valid to argue that most of that data will be 

human-generated, but it is also safe to assume (based on previously stated 

number) that it is going to be the preferable technology as well. 
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As mentioned earlier, LTE was first developed to support H2H traffic generated 

by the consumer communication applications (voice, video streaming and 

conferencing, web browsing, social media applications, etc.). These applications 

generally have longer sessions than MTC devices, (Dhillon, et al., 2012) and 

(Shafiq, et al., 2012). Understanding session duration is important for network 

resource planning, thus of importance to MNOs. Moreover, M2M service 

providers could also benefit from understanding M2M sessions since they could 

design better protocols for battery management. By analyzing these sessions it is 

confirmed that behind these short-lasting sessions with low traffic, stands a big 

signaling overhead for establishing and releasing them.  

A typical LTE session involves three steps: 

1. Initiating random access procedure via common random access channel 

(RACH), which is a first step towards establishment of radio bearers  

2. Transmission of higher layer signaling messages  

3. Sending application data over scheduled dedicated resources.  

It is clear that a disproportionately large amount of signaling traffic in relation 

to data traffic could be observed if the current cellular communication 

technology is used for M2M services as it is today, (Dhillon, et al., 2012). 

Moreover, RACH could be congested, due to the large amount of active devices, 

to the point that could lead to long delay or even network access failure. This 

could happen not only to devices that would try to communicate but also to 

humans and possible emergency requests, too.  

In a scenario where a large number of M2M devices want to communicate, if not 

using a proper congestion control technique, a severe degradation of QoS of both 

human and machine communication is possible. Moreover, in (Laya, et al., 2014) 

a contention resolution mechanism for this situation is proposed so as to help to 

spread the massive random access load of M2M traffic to one BS, on a long period 

of time and according to delay requirements. 

An important challenge that directly influences networks’ outline is architectural 

design. The representation of a regular concept with direct communication 

between MTC device and a BS is shown in Figure 3.3. In this type of configuration 

previously mentioned congestion is quite possible, especially in situations with 

high competitiveness for radio resources. A totally different concept of 

connecting numerous devices at one spot, before connecting to a BS, presents a 

key point for the functional M2M system. Not only to be connected, but also to 

have the ability to form independent autonomous network is a challenge from 

the architectural perspective. Therefore, a possibility to make a network of 

devices connected over non-cellular radio interface and then through gateway to 

connect to the rest of the network is a suggestion of hybrid architecture, 
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represented in Figure 3.4 and called capillary network, (Lioumpas, et al., 2011). 

Consequently, this is also a requirement that induces complexity to the network, 

but also solves some of the issues in the network.  

Having stated possible obstacles it is clear that new requirements on cellular 

networks have to be stipulated and design principles of communication 

protocols reconsidered. One modification has been proposed just above, but 

more are stipulated and explained in the following section. 

eNodeB

Core Network

MTC device

Figure 3.3: Direct type communication between eNodeB and MTC device 

eNodeB

Core Network

Data Channel

MTC device

MTC Gateway

Figure 3.4: Representation of a hybrid architecture for connecting eNodeB and 

MTC device 
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3.4. MTC REQUIREMENTS 

Having revised and understood M2M traffic characteristics and seen how MTC 

services can influence cellular network, it could be further inferred how the 

network should look like according to the MTC requirements. Majorities of 

applications and services that depend on M2M solutions are vastly diverse and 

therefore have different network requirements. This diversification usually has 

increased complexity as a side effect.  

The forth interviewee (as order in Appendix B) mentioned – the operator can 

meet all our requirements, so we usually only talk about contractual issues. 

Nevertheless, MNOs have to think about all possible applications and cannot 

design a one unified communication system that would support them all. For 

example, specific case of video surveillance has extremely high demands for 

throughput in comparison to regular M2M traffic. Therefore, high throughput 

capabilities need to be preserved even if that contradicts general idea of M2M 

traffic characteristics. 

A few years back, various standardization bodies, starting with IEEE, ETSI and 

3GPPP to Open Mobile Alliance (OMA) and GSMA have started to promote 

different standardization activities in regard to M2M. The point of standardizing 

is as always to secure interoperability, secure reliability and potentially increase 

public awareness, but also to help businesses leverage on complete integration 

of M2M devices and any existing service-level solution they have.  

In order to limit communications and avoid any congestion situation over the 

cellular mobile network, a core M2M standard design guideline is that M2M 

devices should operate offline most of the time and connect only when need to 

send information, (Foschini, et al., 2011). Another interesting and beneficial 

change in protocols is reduction of mobility management procedures i.e. 

reduction of signaling for devices of low or no mobility e.g. smart meters. 

Contrary to this, we have services such as tracking for which it is important to 

know exact locations. These double standards, that stem from the difference in 

application possibilities is the reason of increased complexity to the network that 

has to support all these situations.  

Moreover, during the second interview an MTC bit was mentioned. It is a bit 

which a device should send in the first control message so that it can notify the 

network that it is a machine that wants to communicate. In this way the network 

will decide if it is able to accept a machine at that point or reject it and give 

priority to some other (human-initiated) service. Network has to be able to 

differentiate between human based traffic and the M2M traffic and scheduling 

mechanism has to change so as to guarantee both human traffic quality and to 

satisfy M2M requirements. However, this opens a research line regarding the 
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different levels of MTC devices, since some devices will carry periodical 

information (e.g. smart meters) and other will transmit alarms that needs to be 

prioritized above all traffic. 

Comparing to H2H communications, different characteristics of M2M traffic, 

such as a large number of devices, makes scheduling more complicated. In order 

to effectively manage an array of M2M services and their requests to attach to 

the network and emit a new congestion avoidance and radio management 

mechanism have to be developed. Traditional Internet congestion control 

algorithms are made to share bandwidth with all data flows equally. With M2M 

communications increasing this is not an option but rather system needs new 

algorithm that balances flows according to QoS. First attempts are already 

present for example in (Lam & Chen, 2013). Moreover, according to (Lioumpas, 

et al., 2011) one of the requirements of M2M network is for it to have hierarchical 

QoS criteria, precisely because of all the diverse requirements of M2M services 

mentioned above. 
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4. Cost Structure and Dimensioning 

4.1. TOTAL COST OF OWNERSHIP (TCO) MODEL 

In order to properly compare different deployment options from cost perspective 

a suitable TCO models has to be made. In recent years several models have been 

used so as to make a proper cost structure of expenditures in network systems, 

ranging from simple to the highly complex ones. In this work a balance between 

several options mentioned in the chapter 2 has been developed. Many options 

are available and according to one’s needs different options are possible. A 

scheme of the TCO model is given in the Figure 4.1. 

Number of backhaul 
resources

Step 1: Traffic Forecast

Step 2: Wireless Network Dimensioning

Step 3: Backhaul 
Dimensioning 

Step 4: Total Cost of Ownership 

Population and 
machine density

User and 
device activity

User type 
(heavy, low)

Penetration rate of 
tablets, smartphones, 

laptops, etc.

Area traffic 
demand

Number and 
type of BSs

Total peak 
traffic

Technology

Transmission and 
switching capacity of the 

network equipment

Coverage 
requirement

BS capacity 
and coverage

Traffic load

 

Figure 4.1: Total Cost of Ownership model 

First of all, there are four parts or steps in the model. Each of them has an input 

parameters and output data for the next step. Each of the steps will be described 

respectively. 
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Step 1: Traffic forecast 

 This step has for a purpose to calculate the average area traffic demand at the 

busy hour, which is needed for the dimensioning process in the next step. Input 

arguments are:  

- Population and machine density (i.e. number of people or devices per 

area unit) 

- User and device activity (percentage of users or devices that are active 

in the busy hour) 

- User type (whether a user/device is behaving in an ordinary way or 

produces heavy traffic) 

- Penetration rate is nothing more than a ratio of tablets, smartphones, 

laptops, etc., among human users 

This step is rather complex and it is important to deal with it from case to case. 

Having in mind, that two test cases that will be analyzed have been proposed in 

METIS project documentation, these parameters were already available. 

Moreover, the entire step has actually been done so the traffic demand per 

human subscriber was already available. The addition to this number was the 

traffic generated by the machines.  

Documentation also provided device density so the only necessary information 

to be obtained was the traffic volume that these devices generate. For this data, 

numbers from the Table 3.2 have been used. In addition, video surveillance 

devices have also been considered as present in the test case, and their data rate 

was obtained in (Petiz, et al., 2012). 

Finally, for more detail traffic forecast of human-generated traffic part guideline 

is presented in (Tombaz, et al., n.d.). 

Step 2: Wireless network dimensioning 

Having in mind that making an accurate model for network dimensioning is 

computationally complex due to e.g. spatial variations in traffic load, 

propagation losses, interference, etc. a simpler method has been developed in 

(Johansson, et al., 2007) to dimension the system. It is called average capacity 

based dimensioning and it has been used in this study as a step 2 in TCO model 

in addition to the method presented in the Appendix B. More precisely, method 

described in the appendix uses (Johansson, et al., 2007) method to calculate 

number of needed elements in RAN, separately for signaling traffic and data 

traffic. The calculation result is the output of this step. 

Furthermore, the result of this (second) step of TCO model is a function of the 

traffic demand generated in the first step and following three parameters:  
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a. Coverage requirement (area that needs to be covered with signal) 

b. Capacity and coverage of the Radio Access Technology (RAT) that is 

being used 

c. Traffic load 

In order to better understand the way function is working input parameters will 

be explained in more detail. Traffic demand is an input from the first step 

represented in units Mbps and is expressing combined rate for the busy hour of 

machines and humans. Coverage requirement is given by the specific case and 

expressed in km2. For example, it is the area of the shopping mall or the field of 

massive deployed sensors. 

However, parameter capacity and coverage of the RAT is a bit more complex. The 

radio base station capacity depends on the allocated bandwidth and the spectral 

efficiency of the RAT and maximum allowed transmission power, interference 

issues, etc. On other hand the BS coverage or cell size also depends on different 

parameters. Usually, depending on the required data rate at the cell edge, the 

coverage of the BS is determined. Another parameter worth mentioning is the 

frequency band at which the RAT is working. For the purposes of this study data 

has been adopted from vendor white papers and other research papers. 

Therefore, in order for this parameter to be proper following numbers need to 

be included in this parameter: 

- Cell range and respective spectral efficiency  

- Dedicated bandwidth (5 Mhz, 10 Mhz, 20 Mhz, etc.) 

- Maximum number of simultaneous users that can be served per BS 

Finally, based on these data, three types of dimensioning can be done: 

1. Coverage oriented (a number of BSs is determined by a simple ration of 

an area that needs to be covered and area that can be covered by a single 

BS) 

Where, 

𝐴𝑟𝑒𝑎 𝑡ℎ𝑎𝑡 𝑐𝑎𝑛 𝑏𝑒 𝑐𝑜𝑣𝑒𝑟𝑒𝑑 𝑏𝑦 𝑎 𝑠𝑖𝑛𝑔𝑙𝑒 𝐵𝑆 [𝑘𝑚2] = 𝑐𝑒𝑙𝑙 𝑟𝑎𝑛𝑔𝑒2 ∗ 𝜋  

 

2. Capacity oriented (a number of BSs is determined according to Appendix 

B) 

3. User oriented (depending on the BS a limited number of users can be 

simultaneously serviced, thus a number of BSs is determined as a ratio of 

total number of predicted users and maximum number of simultaneous 

user, with an assumption of uniformly distributed users) 

In the end, when all three types are executed, the number of BSs as a parameter 

for step 4 is selected so that criterion for all cases is satisfied. 
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Finally, after coverage requirement and capacity and coverage parameters, traffic 

load represents the percentage of the rate of the busy hour that will be used for 

dimensioning. Not all hours are busy, so the dimensioning has to adjusted since 

it is done based on the busy hour traffic predictions. Therefore, setting this 

parameter to 10, 30, 50 or 100% the total peak traffic as an output will be varied. 

Not only that step 3 depends on it, but also capacity oriented dimensioning 

(explained in Appendix B) will also.  

Based on these input parameters this step returns the dimensioning for the 

wireless access segment, i.e., number and type of needed Base Stations (BSs). 

This information is directly connected to the TCO calculation (step 4), since they 

represent a base for the cost structure.  

In addition, there is another output which represents a parameter for the 

function in the step three (backhaul dimensioning) – total peak traffic. As stated 

previously, this will not be done in this work, but can be obtained as: 

   

𝑇𝑜𝑡𝑎𝑙 𝑝𝑒𝑎𝑘 𝑟𝑎𝑡𝑒 = 𝑇𝑟𝑎𝑓𝑓𝑖𝑐 𝑑𝑒𝑚𝑎𝑛𝑑(𝑠𝑡𝑒𝑝 1) ∗ 𝑇𝑟𝑎𝑓𝑓𝑖𝑐 𝑙𝑜𝑎𝑑 

 

Step 3: Backhaul dimensioning 

This part of the model can be as complex or as simple as one intends and it 

depends on which issues is one focusing. If the intention is to include power 

efficiency as another aspect then closer considerations of used technology (fiber, 

microwave link, etc.) and different capacity and switching equipment is needed. 

However, in this work the emphasis is put on the RAN and its cost-efficiency, 

thus simple calculations if any were used for the backhaul dimensioning. More 

information regarding this step is given for each test case analyzed later on, but 

for further general information on backhaul dimensioning reader is referred to 

(Mahloo, et al., n.d.) or (Widaa, et al., 2013). 

Step 4: TCO – cost structure and calculations 

Finally, when the RAT, the number of needed BSs and information regarding 

backhaul is known, overall cost structure of the solution can be done.  Separately 

from these calculations a cost structure for the core network can be executed, 

since it is almost independent from the chosen RAT. Total deployment cost 

includes CAPital EXpenditures (CAPEX) and OPerational EXpenditures (OPEX). 

Even though they always represent the same aspects, it happens that not all are 

included in calculations. In this model elements in the following Figure 4.2 have 

been included: 
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Figure 4.2: CAPEX & OPEX 

To better clarify each of the parts of TCO, equipment element introduces costs 

related to obtaining i.e. purchasing BSs and corresponding additional equipment 

and cabling. In addition installation of such equipment needs to be included in 

the costs, too. More in details, radio site build-out element of CAPEX includes 

following aspects: civil works, shelter, radio equipment, auxiliary systems and 

commissioning, (Widaa, et al., 2013).  In other words, when needed site needs to 

be prepared for the BS to be installed and thus expenses for site buildout are 

included into CAPEX. For example, femtocells do not require site to be built out. 

The operation expenditure encompasses costs related to radio sites and the 

backhaul network. In these calculations it is assumed that the backhaul will not 

be built out, but rather leased. Therefore OPEX includes operation and 

maintenance (O&M) activities, power consumption and site and backhaul lease. 

All the expenses are annual. 

 In the end TCO is calculated as a compound price of CAPEX and OPEX. Then 

TCO is used in order to compare the total deployment cost of different scenarios. 

In this study, net present value (NPV) analysis is performed considering the 

investments and recurring costs for 6 years (until 2020), assuming that all 

investments are made in the first year, with a discount rate of 10% and 

considering that OPEX is increased by 10% each year, (Widaa, et al., 2013). 

4.2. SCENARIO DESCRIPTION 

The situation of inter-connected devices, which this paper addresses, has a 

mapping to one of the scenarios in METS project. According to (METIS, 2013) the 

best scenario to address situation of network with mixed human-generated and 
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M2M traffic is the one entitled ubiquitous things communicating. In regard to 

this scenario, two test cases have been identified: 

1. Shopping mall  

2. Massive deployment of sensors and actuators 

As it is stated in (METIS, 2013) it is a scenario where human centric 

communication is complemented with machine-type communication, or in 

other words a scenario in which anything that profits from being connected will 

be connected. They predict that in the beginning majority of devices will most 

likely be sensors and actuators, a simple type of machines communicating. Thus, 

main requirements will be low energy consumption and low cost. Further into 

the future all other M2M services mentioned earlier will come forward. 

The evaluation of different systems in this work is based on the cost of the radio 

access network and backhaul and is a function of supported traffic volumes. 

These calculations and hence evaluation will be done under assumptions based 

in (METIS, 2013). Although there is a the big difference of usage patterns for 

wireless access services and cost structure in different markets, and systems, this 

work could serve as a basis for more specific case studies.  

4.2.1. Test case 1: Shopping mall 

According to (METIS, 2013), shopping mall is a typical setting for a future 

extended rich communication environment with its high density of customers 

and service staff on one hand, and sensors and other connected devices on the 

other. Customers are interested in high volume mobile broadband, but in 

addition a variety services offered by M2M communication is present as well, e.g. 

personalized location-based services, advertisement or product information via 

augmented reality and multimedia objects, general commercial (cash desks, 

vending machines, electronic payment, etc.) and operational services. The local 

infrastructure may also support safety/security-related applications. Therefore, 

it is a perfect environment with mixed traffic (H2H and M2M). 

4.2.2. Test case 2: Massive deployment of sensors and actuators  

The second case from (METIS, 2013) is a realization of a scenario of costal 

environment where a lot of tourists are present and associated attractions, 

sensors for monitoring, alerting or actuating are deployed. A high mixture of 

traffic is present only during the season period, but is still present because of the 

local inhabitants during the rest of the year as well. Human communication is 

typical and distributed on a coastline and M2M services (present both in 

coastline and hilly surroundings) are related to material monitoring (e.g. 

windmills), wind and fire sensors, humidity and water level sensors, commercial 

and operational, etc.  
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4.3. RESULTS 

4.3.1. Test case 1: Shopping mall 

The analysis starts with determining traffic demand of both human users and 

machines. It is predicted that there will be 6000 subscribers and 42000 devices 

deployed. For the typical Human-to-Human (H2H) communication and this test 

case, in (METIS, 2013) it is stipulated that there is uplink traffic volume of 0.7 

Mbps per subscriber during peak sales hour in the mall, which corresponds to 

4.2 Gbps for all users. On the other hand, traffic volume for devices is assumed 

according to the device density. For 0.7 devices per square meter there is 3.18 

Gbps, and for 7 devices per square meter on average, there is ten times more 

M2M traffic for all 42000 devices. Video surveillance is sometimes considered as 

M2M traffic and sometimes not. In this report it is considered as such and is 

included into calculations. 

In order to make a proper graph of TCO dependency on human and M2M traffic, 

the demand in Table 4.1 is used. In it, in each horizontal the amount of M2M of 

traffic is constant. There is either no M2M traffic (i.e. the case of only H2H 

traffic), there is traffic generated by the predicted amount of devices in shopping 

mall by METIS project (second row) or in third case, there is 10 times more 

devices, hence 10 times more M2M traffic on top of the H2H traffic than 

predicted by (METIS, 2013). Similarly, in each vertical there is the same amount 

of H2H traffic. The last column represents the amount of traffic which would 

generate all the human users during the busiest hour. However, since not each 

hour is the busiest one, an operator might decide to dimension its network 

according to a lower load of human traffic. In that way are the rest of the columns 

generated and respectively address different amounts of traffic of the busy hour 

(10, 30, 50, and 100 per cent). Moreover, this traffic load is one of the parameters 

utilized as an input for the second step of TCO model – wireless network 

dimensioning. Therefore, if for example and operator would like to dimension its 

network according to the 50% human traffic load (i.e. half of the traffic generated 

in the busy hour) and device density stated in (METIS, 2013), the input for steps 

3 of TCO model and used in calculations in step 2, would be 5.28 Gbps. 

Table 4.1: Total traffic demand 

Human traffic load 10% 30% 50% 100% 
Without M2M 
traffic [Gbps] 0.42 1.26 2.1 4.2 

With M2M traffic 
[Gbps] 3.6 4.44 5.28 7.38 

With 10 times M2M 
traffic [Gbps] 32.22 33.06 33.90 36.00 
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In order to take everything into account a Figure 4.3 was generated. It represents 

a TCO for two deployment strategies (femtocells and picocells) taking into 

account three types of dimensioning described in previous section. Moreover, for 

backhaul the option to lease a dark fiber is chosen. It will suffice for demands of 

both deployment options and thus, the price would be the same. Therefore it is 

not included into final TCO. 

Lastly, while doing dimensioning with the capacity oriented method described 

in Appendix B, a more comparable number of needed BS for the M2M signaling 

and data traffic was expected. Having in mind that video surveillance was 

included in M2M traffic, it can be observed at this point that it should be treated 

as human traffic since it is driving a lot of data traffic and not so much signaling. 

Some of the interviewees also had mismatched opinion in this regard.  

 

Figure 4.3: Total Cost of Ownership for shopping mall test case 

0

500

1000

1500

2000

2500

3000

3500

10 30 50 100

Human traffic load [%]

Total Cost of Ownership [kEUR]

User oriented approach Without M2M traffic

With M2M traffic With 10 times M2M traffic
User oriented approach Without M2M traffic
With M2M traffic With 10 times M2M traffic

Deployment of femtocells
Deployment of picocells



PAGE 32 

Looking into the Figure 4.3 a few results can be observed. Firstly, if the limitation 

of the maximum number of simultaneous users over a single BS is not taken into 

account, femtocell deployment strategy is always better than the picocell 

solution, for the same M2M traffic load. However, BSs commercially used today 

have a cap of maximum amount of users they can serve and in the case at hand 

these are 32 for femtocells (CISCO, n.d.) and 80 for picocells, (Widaa, et al., 2013). 

Moreover, according to these numbers and user oriented approach (or type) of 

dimensioning a network, it is not feasible to deploy neither femto nor picocell 

solution under the price calculated under this approach. 

In other words, with this limitation of number of users per cell, deployment with 

picocells is always cost-efficient option. In cases, of even higher data 

consumption or if the obstacle of maximum number of users is eliminated, 

femtocell solution becomes a better one.  

4.3.2. Test case 2: Massive deployment of sensors and actuators  

The same procedure as previously explained is executed. The scenario covers 

35000 devices, of which 20000 are distributed in the mountain and the rest down 

the coastline. All 4500 regular subscribers are in the coastline part of the scenario 

and the assumption is that they communicate 0.08 Mbps. On the other hand, 

devices send 100B every day.  

In order to investigate the cost-efficiency two options have been selected: 

 Only picocells 

 Macro and picocells 

Under closer observation, a case where only macro cells would be deployed was 

not reasonable because would demand a lot of new BSs. Instead, a case where 

macrocell has the purpose of coverage and picocells for capacity is introduced. 

The TCO is as presented in Figure 4.4. 

First of all there are no different lines for different volumes of M2M traffic since 

it is rather low. The issue at hand is the vast number of deployed devices which 

can create congestion and problems on the control traffic level, but as we can see 

in the real scenario, not in the data traffic level. 

In order to properly make a decision one more assumption was made. User 

oriented approach, the one where there is a limit of number of simultaneous 

users per picocell, is only considered in the case of picocell deployment solution 

and for the coastal line. In the case where there is a macrocell ensuring the 

coverage of the entire 1km2 in addition to picocells the assumption is that when 

picocells achieve a limit of simultaneous users the macrocell will take over new 

incoming connections. 
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Figure 4.4: Total Cost of Ownership for costal test case 

Therefore, observing the Figure 4.4 a cost-efficient deployment strategy is a 

heterogeneous one, with a macrocell and a range of picocells on the coastline.  
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5. MNO Business discussion 

M2M ecosystem is changing and with it a respective market. Adaptation to 

human acceptance and utilization of connected devices is a paramount for 

companies that want to survive and thrive within this ecosystem. The biggest 

change is, as always, expected from those who have thrived till the introduction 

of the M2M, and those are MNOs.  

Their strategies and offers have to adapt to the new and changing market, and 

the best way to do it, according to all my interlocutors is to separate a part of 

their company and focus on M2M communication.  

However, what these interviews were supposed to reveal is whether the MNOs 

will change deployment of their BSs depending on the uptake of M2M 

communications. No straight answer came from the MNOs and neither from the 

other interviewees and the reasoning behind it is simple – there is no immediate 

and plain answer. Each and every decision that is taken at this moment is an 

uncertain one. Many aspects have to be considered and the correct move in this 

moment is not yet clear and remains to be seen. But, in order to better 

understand the reasoning and uptake of this issue by the interviewees, a resume 

follows.  

5.1. MNO’S PERSPECTIVE  

First of all, the severity of the situation in the market can be seen from the point 

that only two MNOs have made time to give interviews, out of which one is from 

Sweden and the other from Luxembourg. However, in this way input from two 

different operators, but both leaders in their respective markets, was obtained 

and represents a solid ground for understanding the M2M ecosystem. 

TeliaSonera is present in multiple countries, while POST Luxembourg only has a 

license in Luxembourg (a rather small market). 

On one side is TeliaSonera, which is a part of a larger organization (Global M2M 

Association – GMA4) when it comes to M2M communications, alongside with 

Deutsche Telecom, Orange and Telecom Italia, to name those based in Europe. 

These alliances are made so as to improve offerings to the companies that have 

international presence and reduce complexity in their businesses, (Hilton, 2014). 

According to the first interview (as ordered in Appendix), providing M2M 

services on a global scale is the move to make and TeliaSonera has therefore 

dedicated a department to be in charge of that aspect of business. As they have 

stated, their main ambitions are to: 

 Provide connectivity 

                                                           
4 http://www.globalm2massociation.com/ 
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 Offer value-added services such as security and service-level agreements.  

Moreover, TeliaSonera has their own infrastructure and considers it to be their 

advantage in today’s ecosystem. 

On the other hand is POST Luxembourg, a state owned company with an 

agreement to provide telecommunication solutions to vehicles within PSA 

Peugeot Citroen Group (PSA from now on). Their focus as an MNO is on 

connectivity and roaming agreements since most of the PSA’s vehicles with their 

SIM cards are in roaming (outside Luxembourg). They admit that with these 

agreements POST’s offer might be a bit more expensive, but customers in return 

get better quality when in roaming and option to roam to any operator. They are 

calling this offering optimized coverage.  

Contrary, as stated by the second interviewee, “big” MNOs with international 

agreements usually do not allow the customer to roam freely, but rather 

automatically “steer traffic to preferred operator”. In this case an offer is usually 

cheaper for the customer. It is his belief that while PSA was choosing an MNO to 

subscriber their vehicles with SIM cards, a more flexible solution was preferred 

than cheaper one. 

Furthermore, based on the same second interview, POST is developing their own 

flexible and cost-efficient M2M platform that will not only be used in their 

telematics vertical, but in the other industry verticals, too. Earlier this year, POST 

Luxembourg and Jasper have signed an agreement5. Their goal is to develop this 

platform furthermore and offer customers new services and possibilities through 

it. Contrary to POST Luxembourg, TeliaSonera has adopted, similarly to some 

GMA members, a standalone M2M platform by Ericsson, called Device 

Connection Platform (DCP)6.    

As said in the third interview, developing a new platform is costly and requires a 

lot of resources, while using a platform such as DCP is considered as using a 

service of the company that offers it. Whether an MNO develops an M2M 

platform or uses a standalone solution from a different company is a sole 

business decision of that MNO. Moreover, having a unified M2M platform within 

GMA will help in future for users to roam easily. 

In both operators’ networks, the increase of connected devices so far is not as 

expected and all M2M traffic is still manageable. POST will start to think about 

new deployment options when a large number of cars gets connected. And in 

                                                           
5 http://www.businesswire.com/news/home/20140225005072/en/POST-Luxembourg-Jasper-
Partner-Drive-Connected-Car#.U8Eg1vmSx14, visited: 2014-08-07 
6 http://www.ericsson.com/ourportfolio/products/device-connection-platform, visited: 2014-
08-07 

http://www.businesswire.com/news/home/20140225005072/en/POST-Luxembourg-Jasper-Partner-Drive-Connected-Car#.U8Eg1vmSx14
http://www.businesswire.com/news/home/20140225005072/en/POST-Luxembourg-Jasper-Partner-Drive-Connected-Car#.U8Eg1vmSx14
http://www.ericsson.com/ourportfolio/products/device-connection-platform


PAGE 36 

TeliaSonera, they have singled out that it is a different way of dealing with M2M 

traffic in comparison to human traffic and are already dealing with that issue. In 

order to overcome the fact that machines are not only communicating on one-

to-one basis (which is in human traffic’s nature) they have dedicated a special 

core network for it. Actually, for traffic of companies with less than thousand 

connected devices, traffic goes through the same core network as H2H traffic. 

On the other hand, if a company has more than that connected devices, their 

traffic is steered over separate Ericsson’s core network, according to the third 

interviewee. Similarly, POST has arranged some of core elements (not all) to be 

dedicated especially for M2M communication, but both type of traffics (M2M 

and H2H) go over common RAN. Moreover, by the same source, dimensioning 

for core and access network is done separately, and also should be for M2M and 

H2H traffic.  

Finally, all these aspects are summarized in a Table 6.1. Moreover, it is significant 

to mention that TeliaSonera offers 2G connectivity for all users, but also has 

drastically more expensive 4G technology offer for users that want it. POST 

Luxembourg, has only 2G offer and is predicting that 4G technology will not be 

used for M2M communications.  

In the end, challenges of these two MNOs, mentioned in three interviews, are 

also stated in the table. While adoption of the idea of global SIM is closely 

monitored, in TeliaSonera Group engineers are also involved in standardization 

so that the implementation of M2M communication would be quicker and more 

effective. With the same challenge of slow standardization, POST Luxembourg 

has noticed a necessity of a new revenue stream and has identified M2M 

communications as one of them. 

Table 6.1: MNOs perspective on M2M communications 

MNO TeliaSonera 
POST 

Luxembourg 

 
Business 

perspective 
Technical 

perspective 
General 

perspective 

Presence International National 

Offering Global M2M Association 
Optimized 
coverage 

M2M platform 
Ericsson’s solution 

(global option) 
Adapting their own 
(Jasper’s solution) 

Services 
Connectivity and 

VAS 
 Data management 

Technology  4G as a premium 2G 
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RAN 

 Needs a standardization change 

 
Shared for M2M and H2H 

communication 

Core network  
Separated for M2M and H2H 

communication 

Challenges Global SIM Standardization 
New stream of 

revenue 

5.2. OTHER PLAYER’S VIEW 

In order to understand what those who closely cooperate with MNOs think about 

the issue at hand, interviews have been done with an MVNO (Maingate) and a 

member of a Board of Directors of Worldsensing and a Prof. at King’s Collage 

(denoted as interviews 4 and 5 in Appendix A). Their input was valuable since it 

was representing an industry, entrepreneurial and research perspective.  

As usual interviews started with technical questions, and while the fifth 

interviewee was supporting action to make an M2M traffic model as soon as 

possible, data integrity was of the utmost importance for the fourth one. Of 

course that many information is sensitive to corresponding corporations, but 

stripped of any sensitive elements it could be of great importance to researchers 

and then as a consequence to industry as well. Nevertheless, as data management 

is becoming a special and possibly lucrative aspect of M2M market offering, issue 

of owning data and their analysis is of great importance. Moreover, they also 

agree that depending on the industry vertical (e.g. automotive, consumer, 

energy, healthcare, etc.) the behavior of the traffic will differ. 

Worldsensing is actually not using cellular technology for transport of M2M 

traffic. At the moment of their greatest deployment of devices, conditions to use 

cellular technology were not adequate. There were three main issues: modems 

were too expensive, using cellular technology would drain faster device’s battery 

and data plans offered by the MNOs were not suitable for the application. Today, 

modem costs have dropped, MNO’s are changing their approaches but battery 

problems can still be a problem.  

However, it was concluded in the fifth interview that by using or not cellular 

network in the end depends strictly on the application and whether its costs fit 

the business plan. For example, in many situations where fast rollout of M2M 

networks is needed, cellular femtocells could prove to be a good solution. Their 

fast unlicensed installation and high capacity are ideal for these situations.   

On the other hand, Maingate is an MVNO which uses cellular technology, but is 

also guided by the idea that radio technology has to be chosen so as to meet 

customer’s needs. As an example, automotive industry was taken in the fifth 
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interview, since it is only operational on cellular technology, due to its 

unprecedented mobility benefits. 

Interestingly, Maingate is also highly interested in the information management 

platform on top of M2M connectivity, or more precisely, an IT platform which 

will enable their customers to easily handle their devices and data and 

information they generate. Therefore, developing such a tool is in direct 

competition towards MNOs and vendors. And when on subject of vendors, 

according to Prof. Dohler, they are the ones who are driving M2M market today, 

with their interest to sell devices.  

Finally, three paradigms of M2M communication have been stressed out by 

Maingate’s representative. These will also will set a good base for the next 

section.  

Three paradigms of digitalization with M2M communication: 

1. Connecting devices is a new, cool and techy “thing” 

2. A company/organization has a traditional way of operations, however 

deploys a new product line utilizing M2M connectivity and brings data 

into central system 

3. Today, companies bring “this digitalization” into the core offering making 

M2M communication and thus data management a natural part of their 

products. 

5.3. A SUMMARY 

As stated in the beginning, connected devices are driving M2M communication, 

and IoT is enabler for gaining value out of M2M communications. Having devices 

connected and getting value out of it is what in Maingate was described as a third 

and current wave of M2M communication. Moreover, it is a phase of almost 

seamless utilization of the fact that connected devices bring added-value. What 

is yet to be seen, according to the fifth interviewee, is “broadening of verticals” 

which will bring new possibilities to leverage on M2M communication by simply 

observing cross-correlation of data in two or more verticals. Lastly, once there is 

a critical mass of connected devices exploitation of a social component among 

humans and devices will be possible. 

However, on this way of development, MNOs could miss their opportunity to 

position themselves properly in the market. Following three actions were 

mentioned in the fifth interview as ones that MNOs could make at this moment: 

1. Provide connectivity i.e. “data-pipes” 

2. Provide services e.g. security VAS 

3. Explore data obtained from connected devices e.g. cars. 
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 As seen before, TeliaSonera is oriented towards provisioning of connectivity and 

value-added services, while POST is in addition developing an M2M platform. It 

might be that at this point their strategies do not coincide with the last action 

which was proposed during the fifth interview or that they are simply concerned 

about ownership of data, but taking a suitable role in a developing market is 

never a straightforward act. 

Moreover, addressing a topic of many connected devices and their potential 

massive and simultaneous request to connect to the network is something that 

should be addressed in deployment strategies of MNOs. Unfortunately, none of 

interviewees could help with this question. To some extent they were not worried 

with this amount of connected devices, but were more focused on getting that 

critical number of devices connected in order to financially leverage on it. 

Nevertheless, it was clear after each interview that they have all understood the 

stiffness and openness of the M2M market and had singular strategies prepared 

to address the issue. It has also become apparent that new actor with a new role 

or one of the present actors with a changed role will appear in the market. This 

new entity should be oriented solely on M2M communications, have a well-

developed customized customer support and agile at almost all fronts, according 

to the fourth interviewee. And as stipulated in the last interview, MVNOs might 

be just the most successful candidates. To get a better understanding of this new 

entity and role, later stage interview questions shifted focus towards it.  

MNOs usually have good relations with vendor companies, and when an MNO 

is using vendor’s M2M platform a cooperation seems to be even tighter. Whether 

any of them (MNO or a vendor), MVNO or some new third party actor will 

emerge and seize a role of offering connectivity, new special services or data 

management options, remains to be seen. Potential market structure was 

discussed, and as such is depicted in Figure 5.1 with orange lines. 

MNO X

MNO Y ?

MVNO

B2C

 

Figure 5.1: Depicted current and possible future structure of the market 
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An element that can prove as a useful trait to this new entity (called a broker or 

subscription manager at Maingate), marked with a question mark in the Figure 

5.1, is a global Subscriber Identity Module (SIM) card. It is a standard SIM card 

but with an enhancement of being able to be reprogramed to a different mobile 

operator. Thus, no need for physical replacement. Though it is not commercially 

available, operators are starting to realize that it is an inevitable change. They see 

great potential, but also many problems, about which were not open for 

discussion during the interviews. It is a matter heavily discussed and the one that 

could bring additional value to the broker. The greatest advantage would be an 

option to remotely change the operator i.e. network over which devices 

communicate, depending on various aspects (e.g. price). Therefore Figure 5.1 

highlights a difference in market structure, where in green lines stipulate today’s 

way of functioning relations, and orange lines mark a possible future solution, 

according to Maingate. This broker as stated before can easily emerge from a 

product development team of one of the actors already in the market, but can 

also be a new company focusing specifically on this single role (start-up), or one 

of the major IT companies (e.g. Google, Cisco, etc.) willing to innovate in this 

area.  What is interesting is that many new actors i.e. start-ups, have extreme 

difficulties to position properly and have a steady cash flow during the initial 

period, but once they have stormed through it, a steady job will lay ahead, states 

the fifth interviewee.  

Lastly, whatever MNOs deploy in their network and develop or change in their 

offerings has to be motivated by human needs. They have to make sure they 

understand what market needs or if they are proposing something different, to 

be sure that what they are offering will be successful in the market. As mentioned 

in the second interview, one’s offer must fit the business’ and industry’s logic. 

Moreover, in TeliaSonera they do a research with general population and analyze 

their willingness to have more connected devices, and in general adoption of 

particular services. Based on this research they deploy a network that can handle 

the traffic of end users. This is done so that MNO can offer their B2C customers 

a service for which they (MNO) are sure that can provide adequate network.  

In the end, it is quite hard to form a unique answer to such a complex question 

and “burning” issue – influence of M2M communication on business strategies 

of deployment of networks of MNOs. While it could be extrapolated after 

interviewing an additional number of MNOs’ representatives, even then it would 

be highly dependent on the geographical region and market in the particular 

country or countries at which MNOs are operating. It is only safe to say at this 

point that a change will happen, but how big will it be on the deployment of BSs 

of mobile networks remains to be seen. Nevertheless, these interviews reviled 

many useful information that can help to form a final conclusion and fill the 

research gap.  
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6. Conclusion and future work 

According to the title of this work a cost-efficient strategy for deployment of 

radio access network that supports M2M traffic is expected as a final result. 

However, being deterministic about it is quite unfeasible because of several 

reasons. First of all, M2M traffic is rather new and diverse, so an accurate model 

of it is hard to come up with. Even though an ideas is present and predictions 

regarding the number and usage are there, a question of combining M2M and 

H2H traffic still prevails.  

Nevertheless, in order to answer research questions characteristics and 

requirements of M2M communications have been investigated and two simple 

real test case models have been made. They have been used in a cost calculations 

of deployment strategies with a stress on small cell solutions and tentative results 

have been obtained.  

In the final stage of investigating a proper deployment strategy for future mobile 

networks analysis of an M2M market and business actors has been made. A 

discussion in regard MNOs current and future moves has been developed and 

several comparisons were given. In the end, these are the concluding answers to 

the research questions presented in the introduction. 

6.1. CONCLUDING ANSWERS TO RESEARCH QUESTIONS  

What kind of requirements of M2M communications induce complexity to mobile 

communication network?  

In order to execute a comparison of cost structures of different deployment 

options explored under second research question, requirements of M2M traffic 

on a cellular network had to be investigated. It has been concluded that the 

biggest obstacle is the signaling amount that will billions of connected devices 

make. Current technology and protocols in place have not been designed to 

support such a different traffic and represent a difficulty for the future. Thus 

there is a clear requirement on the network that transfers to standardization 

bodies and equipment manufactures. 

Moreover, different industries and M2M services generate traffic with dissimilar 

behavior making traffic modelling even more difficult. Some characterization is 

done, but the research has to be more encompassing and detail so that the 

requirements would be more precise and not all encompassing.  

In the end, architectural change of the access network is needed in environments 

of high density deployments of devices. In those solutions where high ration of 

connection establishment is expected, a gateway as an intermediary between BS 

and devices could provide a better solution to the problem of significant 
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signaling traffic. Additional expenses may be compensated by avoiding potential 

quality degradation and refusal of connection.  

 

How does the M2M traffic affect deployment costs? 

In order to compare deployment strategies a TCO model has been explained and 

used. Input parameters from the (METIS, 2013) have been adopted and a several 

new assumptions have been made. In the end, BS types for deployment options 

have been chosen with an emphasis on small cells, mainly femtocells and 

picocells were compared.  

In the two cases that have been analyzed one is representing indoor conditions 

and the other one an outdoor environment. In order to make accurate 

calculations, dimensioning of RAN was done separately for M2M and H2H traffic 

and for signaling and data traffic demands. Even though a more comparable 

number of needed BS for the M2M signaling and data traffic was expected in the 

shopping mall test case, it has not appeared in that way. On the other hand, low 

data traffic in second test case gave base for quite similar number of BS that were 

needed for such scenario and these two types of traffic. 

In the first, a shopping mall case was analyzed and the conclusion is that both 

femtocell and picocell deployment could be a cost-efficient solution depending 

on the amount of M2M traffic present in the network.  

Similar solution was obtained in the second scenario where a hilly costal and 

touristic environment was observed. Depending on the assumptions made, there 

is a small or rather big difference in a cost-structure. Under conditions presented 

in this work, a heterogeneous solution with macro and picocells is a cost-efficient 

one.  

Finally, these conclusions are dependent on the input parameters and 

assumptions which are case based and highly dependent on the market. 

Nonetheless, it should be said that they reflect the way amount of M2M 

(signaling and data) traffic affects deployment costs. Having in mind that 

potential degradation of channels is possible due to the large number of devices 

wanting to connect, new issues may arise which would change cost calculations. 

 

How does presence of M2M communication influence MNOs network deployment 

strategies in a business-wise sense? 

This question was answered with an input from two MNOs, a professor and an 

entrepreneur and a representative of MVNO. In such combination different 
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perspectives could have been observed, but having in mind that this question 

massively reflects on MNOs, a comparison of the two was put into a table that 

can be seen in Table 6.1.  

Observing this, many aspects that influence MNOs network deployment 

strategies could be covered from the business and technical perspective. 

However, it has also become clear during all five interviews that standardization 

changes are needed and that the market is not stable in the sense of transparent 

roles of the actors. Many are offering similar services to B2C customers and trying 

to leverage on M2M communications at an early stage. Open and stiff market has 

been acknowledged and there are many efforts to push the M2M services to 

global level. 

 

6.2. FUTURE WORK 

As stated before a problem in predicting a proper deployment strategy lays in the 

traffic model and accurate prices of the equipment and operations. Having a 

situation where on the latter there is no influence, a resolution of the first 

problem could be made with further investigation.  

A stress should be done on the signaling traffic of M2M communication and its 

prevalence over data traffic. Moreover a further research should be done in 

regard to accurate dimensioning of the control channel amount and influence of 

large number of simultaneously connected devices on it.  

Moreover, if observing only the third aspect of the thesis project i.e. business 

implications of M2M communications, a future work could be done in the aspect 

of innovation of business strategies and models for specific industries. It has been 

seen that there is no clear answer to the actor’s involvement and which roles are 

occupied, thus a better insight is needed so that an optimal and objective 

solution could be offered. 
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7. Appendix A 

This chapter will be dedicated to semi-structured interviews collected as a part 

of data collection for this work. Having in mind that reasoning behind the 

selection of the interviewees has been elaborated in the Methodology section, 

here, interviewees are presented as well as what was discussed during the 

interviews. 

There has been five interviews conducted with: 

1. Anders Trana, Head of R&D at TeliaSonera M2M Global Services 

2. Nigel Licops, Project Leader M2M Solutions, POST Luxembourg 

3. Ilkka Keisala, Project Manager at TeliaSonera Network Research 

4. Marcus Lannerbro, EVP Partner Strategy & Marcom at Maingate  

5. Mischa Dohler, Chair Professor King's College London and Board of 

Directors Worldsensing 

The question have been drafted and split into two parts – technical and business 

related questions. They have been arranged so that the most data would be 

gathered in each of the interviews. Some of the sample questions are: 

 Figures and forecasts claim a drastic increase in the M2M traffic and 

number of connected devices, does this holds within your organization? 

 Several papers based on the traffic collected from the users in the USA 

have shown difference between human generated traffic and M2M traffic. 

Have you conducted any analysis on your data and observed difference in 

usage patterns between those two types of traffic?  

 Most of the researchers stipulate that there is a problem of signaling 

amount of data that machines generate while sending rather small 

amount of payload. Do you know how many percent of transferred 

machine and/or human data is over control channels (signaling traffic) 

and how much is actual data?  

 Regarding M2M communications, which are the main identified 

challenges in recent years and how are they being addressed? 

This line of questioning was then followed with more questions related to 

business consequences of M2M traffic increase, future actions, business models 

and value chains. Moreover, burning issues such as global SIM card, gap in the 

market and full integration of M2M communication i.e. the realization of IoT, 

were discussed.   
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8. Appendix B 

In the third chapter the problem of high signaling traffic in relation to M2M data 

traffic has been stressed, and this model has been used so as to do as more 

accurate network dimensioning as possible. As stated in the third interview, 

dimensioning for the RAN is done with the operator’s estimated human and 

M2M traffic patterns. Having in mind that no data regarding these patterns have 

been empirically collected, the work has been based on the secondary data, 

appropriately referenced. 

Moreover, as mentioned earlier dimensioning will be done separately, for H2H 

traffic and for predicted M2M traffic using average capacity based dimensioning, 

but applied separately for signaling and data traffic demands. In order to do such 

calculations parameters mentioned in chapter 4 will be used and following 

equations will be applied: 

𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦 𝑜𝑓 𝑎 𝑠𝑖𝑛𝑔𝑙𝑒 𝐵𝑆 [𝑀𝑏𝑝𝑠] = 𝑑𝑒𝑑𝑖𝑐𝑡𝑒𝑑 𝑏𝑎𝑛𝑑𝑤𝑖𝑑𝑡ℎ ∗ 𝑠𝑝𝑒𝑐𝑡𝑟𝑎𝑙 𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦  

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐵𝑆𝑠 =
𝑇𝑟𝑎𝑓𝑓𝑖𝑐 𝑑𝑒𝑚𝑎𝑛𝑑(𝑠𝑡𝑒𝑝 1) ∗ 𝑇𝑟𝑎𝑓𝑓𝑖𝑐 𝑙𝑜𝑎𝑑

𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦 𝑜𝑓 𝑎 𝑠𝑖𝑛𝑔𝑙𝑒 𝐵𝑆
 

Selected spectral efficiencies are such that for uplink (which is analyzed in this 

work) are twice as low in comparison to the downlink, (Sadayuki, et al., 2012). 

Moreover, for small cells’ spectral efficiency is usually higher due to better 

channel propagation. Other elements in the equations are explained in chapter 

4. However, due to a high number of connections radio access channel could be 

congested and such problem was not possible to introduce into the model, but 

through the user oriented approach is reflected in a way. 

Finally, to better understand how the equations were used, a few details. First of 

all, using resource configurations from (Sesia, et al., 2009) theoretical percentage 

of capacity of a single BS dedicated to control channels (carrying signaling traffic) 

and data channels (carrying payload) has been established. These, together with 

calculated capacity and known traffic demand and traffic load, yielded needed 

number of BSs to cover M2M and H2H communications separately. What was 

interesting to observe is the ratio of needed BSs for control signaling and regular 

data. Further analysis is given in the respective chapter.   
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List of Abbreviations 

ETSI – European Telecommunications Standards Institute 

eNodeB – Evolved Node B 

GMA – Global M2M Association  

H2H – Human-to-Human 

IEEE – Institute of Electrical and Electronics Engineers 

IoT – Internet of Things 

LTE – Long Term Evolution  

METIS – Mobile and wireless communications Enablers for the Twenty-twenty 

Information Society 

MNO – Mobile Network Operator 

MTC – Machine Type Communication 

MVNO – Mobile Virtual Network Operator 

M2M – Machine-to-Machine 

OMA – Open Mobile Alliance 

RACH – Random Access Channel  

RAN – Radio Access Network  

RAT – Radio Access Technology 

TCO – Total Cost of Ownership 

QoS – Quality of Service 

VAS – Value Added Services 

3GPPP – The 3rd Generation Partnership Project 
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