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Internet of Things …   The origin  
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IoT is the current wave of Internet 

From Internet of People to Internet of Things 
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Source: Forum on Internet of Things: Empowering the New Urban Geneva, Switzerland, 2015 

IoT is the current wave of Internet 
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So, What is IoT? 



8  

The (IoT) is the network of physical 

objects—devices, vehicles, buildings and other items 

embedded with electronics, software, sensors, and 

network connectivity—that enables these objects to collect 

and exchange data. 

 

What is the Internet of Things (IoT)? 
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Different Names for the same Thing!!! 
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Different Names for the same Thing 

• M2M (Machine To Machine)  

• “Internet of Everything” (Cisco Systems) 

• “World Size Web” (Bruce Schneier) 

• “Skynet” (Terminator movie) 
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Internet of Things (IoT) …. A new dimension 
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Source: ITU adapted from Nomura Research Institute 

Internet of Things (IoT) …. A New Dimension 
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IoT ecosystem 
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Source:  CompTIA 
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Source:  Boston Analytics  
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IoT from Connecting Devices to Human Value 

Source: 
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IoT Value Chain 

Source: Telecomcircle.com 
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The Three Cs of IoT  

Communication 

Control and 
Automation 

Cost Savings 
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IoT Forecast 

Source:  Cisco 
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Source:  Cisco 

Connected devices per person 

Number of People vs connected Devices 
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Source:  Cisco 

IoT Forecast 
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Source:  www.cbinsight.com 
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Source: Beecham Research 

Source: Beecham Research  

IoT … The Big Picture 

The Internet of Things has a transformational impact on all industries, 
 re-shaping business models, value chains, and entire industry configurations 
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 A smart sustainable city is an innovative city that uses 
information and communication technologies (ICTs) and 
other means to improve quality of life, efficiency of urban 
operation and services, and competitiveness, while 
ensuring that it meets the needs of present and future 
generations with respect to economic, social and 
environmental aspects. 

What is the Smart Sustainable City? SSC 

Source:  ITU – Smart Sustainable Cities 
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 The main goal for SSC is to enhance the quality of life 
of citizens across multiple,  interrelated  dimensions, 
including  (but  not  limited  to)  the  provision  and  access  to
  water resources,  energy,  transportation  and  mobility,  edu
cation,  environment,  waste  management, housing 
and livelihoods (e.g. jobs), utilizing ICTs as the key medium.  

  

What is the Smart Sustainable City? SSC 

Source:  ITU – Smart Sustainable Cities 
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Source: Libelium 
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LPWA (Low Power Wide Area) Connectivity Solutions 
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LPWA Solutions:  
Non-standard IoT vs. Cellular IoT 

 

 

Standard 

/Global 

ecosystem 

Band 
System 

Bandwidth 
Coverage 

Module 

cost 

Battery 

life 
Capacity 

Time to 

market 

(years) 

SigFox  O Unlicensed 
250KHz~ ?MHz 

UL 100Hz 
GSM 14dB+ X 

Lower than  

NB- IoT 

P 

LoRa  O Unlicensed 7.8k~500kHz GSM 18dB+ X P 

EC-GSM 

(R13) P GSM Band 2.4MHz GSM ~20dB+ 2X 

About 1/10 of  

NB - IoT per unit 

BW 

1~2 

eMTC 

(R13) 
P LTE Band 1.4MHz LTE 15dB+ 3~10X 

Similar as  

NB- IoT 
1~2 

NB-IoT 

(standalone) P 
G/U/L MSR 

/dedicated 
200KHz GSM 25dB+ X 

>50k/cell/ 

200kHz 
1~2 

NB-IoT 

(guard-

band) 
P LTE Band 200KHz GSM 20dB+ X 1~2 

NB-IoT  

(in-band) P LTE Band 200KHz GSM 17dB+ X 1~2 

 
 
 

 
 
 
 

 

 

 

 

 
LPWA (Low Power Wide Area)  
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Source: Mark 2013 
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Source: Harbor Research_16 
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LoRa  (Long Range) for IoT 
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LoRa (Long Range) IoT 
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Source: Netmanias 

LoRa 
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Benefits of LoRa 

Source: Netmanias 
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ZigBee NW Topology & Protocol stack 
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SIGFOX              LoRa NB IoT                   eMTC                 EC-GSM                5G 

(NB LTE)                (LTE-M)                 Rel. 13             (Targets) 

 
LPWA: Low-Power Wide-Area 
LoRa : Long Range 
NB – IoT : Narrow Band IoT Source: Nokia 

IoT LPWA Technology Space & connectivity 

Monitoring Monitor./ vehic Monitor./ vehic Monitor./ vehic. 

<$2 
2-3$ (2020) 3.30$ (2020) 2.97$ (2020) 

Range                    <12km                      < 10km 
  MCL                      160 dB                      157 dB 

<15km                        < 10km                        < 15km                      <12km 
164 dB                       156 dB                         164 dB                       160 dB 

Spectrum               Unlicensed               Unlicensed 
  900MHz                    900MHz 

Bandwidth                100Hz                       <500kHz 

Licensed                    Licensed                      Licensed                    Licensed 
7-900MHz                  7-900MHz                   8-900MHz                  7-900MHz 
200 kHz shared         shared                         shared                       shared 

 

Data rate                <100bps                   <10 kbps 

Battery life              10+ years                 10+ years 

 

<200 kbps                  < 1 Mbps                     10kbps                       < 1 Mbps 

10+ years                   10+ years                    10+ years                  10+ years 

 

Use case               
Smart Grid/City/        Smart Grid / City/ 
Monitoring                Monitoring 

Smart Grid/City/         Sm. Grid / City /           Sm. Grid / City /         Sm. Grid / City / 

Module cost           
4.00$ (2015)             4.00$ (2015) 

2.64$ (2020)             2.64$ (2020) 
4$ (2015)                   5.00$ (2015)                4.5$ (2015) 

2016 2016 2016 > 2020 

 

Availability
 

eMTC :  
LTE-M : Long Term Evolution Machine Type Connection 
EC – GSM : Extended Coverage GSM 

Today Today 
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IoT Connectivity Spectrums 

Source: Rohde & Schwarz 
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Massive Broadband >10 Gbps 100 Mbps 
peak data rates average throughput 

ample: 

ublic 
veillance 

10-100 10 000 
x more devices x more traffic 

M2M 
ultra low cost 

example: 

Smart 
Metering 

Massive Machine Type 

Communication 

(LTE-M) 

  

 

Critical Machine 

Type Communication 
10 Years 

On Battery  
<1 ms 

latency # of Devices | Cost | Power 

(Low power) Wide area Crowd Outdoor 
Ultra-dense 

e2e Security Telco –grade Reliability 

 

Service Flexibility Massive Scalability 

A trillion of devices with different needs                                       GB transferred in an instant                           Mission-critical wireless control and automation 

IoT is a major driver for the evolution towards 5G 

Source: Nokia 
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Standardization:  
Standard  

connectivity for  
billions of things 

Robust  
connectivity: 
Latency, Availability, 

Coverage 

  

Interoperability 
and open 
interfaces:  

Enabling platforms  

to talk with each  

other 

Domain 

knowledge: 
Deep, vertical-

specific insights  

Privacy and  

security: 
Prevent malware  

injection and data  

misuse 

IoT 

Challenges 
 

Challenges of Internet of Things (IoT) 
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Source: Beecham Research  

IoT security Map 
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(Too) many different IoT standards development organizations 
and industry alliances are competing with each other  
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oneM2M Partnership Project 
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Smart Sustainable Cities SSC, Standards & Framework 
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• The traditional standards related to SSC have been mostly 

developed by technical-specific organizations through 

͞Vertical͟ approaches.  

 

• As a result, those standards only cover the technical aspects 

of SSC, which undermines their authority and leads to 

questions about their validity. 

Smart Sustainable Cities SSC, Standards & Framework 

Source:  ITU – Smart Sustainable Cities 
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• Moreover, the original models of the "digital city", "wireless 

city", "broadband city" or "optical city" had a strong technical 

focus on information and communication technologies (ICTs). 

These models were not following a broad and horizontal 

strategy, and sector-specific vertical approaches were based 

on separate infrastructures, not interworking with each other 

while often physically overlapping.  

• None of these models can satisfy the complex and 

comprehensive requirement of future urban management 

and sustainable development. 

Smart Sustainable Cities SSC, Standards & Framework 

Source:  ITU – Smart Sustainable Cities 
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Smart City management and assessment: 

• Strategic planning and partnership building; 
• Deployment and implementation; 
• Management and administration; 
• Resilience and disaster recovery; 
• Evaluation and assessment. 

SSC services: 

• e-government; 
• Transport; 
• Logistics; 
• Public safety; 
• Health care; 
• Governance of urban infrastructure; 
• Energy and resources management; 
• Environmental protection; 
• Climate change adaptation; 
• Community and household. 

Information and communication technology 

 (ICT): 

• ICT framework, architecture and 
information model; 

• Network and information security, 
availability and resilience; 

• Application and support layer; 
• Data layer; 
• Communication layer; 
• Sensing layer. 

Buildings and physical infrastructure: 

• Urban planning; 
• Low carbon design and construction; 
• Intelligent building systems; 
• Building information modelling (BIM); 
• Traffic systems;  
• urban pipeline network. 

Framework for SSC standards 

Source:  ITU – Smart Sustainable Cities 
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Framework for  
SSC standards 

Source:  ITU – Smart Sustainable Cities 
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Conclusion & Recommendation: 

• The original digital systems, as well as the traditional ICT 

standards, should be improved or redesigned from a broader 

and higher level perspective, to achieve the transformational 

impact that smart sustainable cities ought to bring about. 

 

• Therefore, the development of SSC standards should 

be accomplished through cooperation among 

standards organizations and the adaption of existing 

standards, fulfilling the principle of openness, 

compatibility and versatility. 

Smart Sustainable Cities SSC, Standards & Framework 

Source:  ITU – Smart Sustainable Cities 
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Thank You 


