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Internet	  of	  Things	  and	  5G	  

In addition ITU has agreed on the 5G timeline from standard and 

regulatory perspective [2], which signaling the beginning of the 5G 

standardization activity. 3GPP is the key 5G standard body, it started 5G 

use case study item called SMART [9] and recently announced that a 5G RAN 

workshop will be held in Sept 2015 [10]. 

While the consensus are emerging on requirements and use cases, the key technologies for 5G 

are yet to be decided. 3GPP 5G RAN workshop will provide venue for such discussion. Within Huawei, the 

5G research team has studies many promising technologies. The radio technology white paper [11] has been 

published recently, providing an overview on several potential technologies. In this Journal, more technical 

details related to these technologies will be discussed. 

��5G will have fundamental impact on the ICT 

industrial transformation and human life. As to be 

a key enabler of the future digital world, 5G is to 

be an ultimate platform for a connected world to 

enable new ways of innovation and collaboration 

and to create new opportunities. 

��Mobile broadband will permeate all areas of 

society in the future and the users would expect a 

better blueprint for the networked world. Huawei 

has proposed “Everything on Mobile, Everything 

connected, Every function virtualized” as the 

future trend of telecoms, which is acknowledged 

commonly.

Why we need 5G?1

Extracted	  from	  HIRP	  Journal,	  June	  2015	  

New	  Requirements	  
A	  So]ware	  Defined	  Network	  
A	  New	  Air	  Interface	  
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Ultra	  Capacity 	   	   	   	  x	  1000	  
Ultra	  High	  Rate 	   	   	   	  x	  100 	   	  	  
Ultra	  Low	  Latency	   	   	   	  ÷	  10 	  	  
Massive	  Connec(vity 	   	   	  x	  100	  (x	  1000	  ?)	  
Ultra	  Low	  Energy	  Consump(on 	  ÷	  1000	  
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4G 	  ‘massive	  mobile	  data’	  

3G 	  ‘voice,	  video	  and	  data’	  

Wi-‐Fi 	  ‘best	  effort	  data’	  

2G 	  ‘high	  quality	  voice	  and	  SMS’	  

PAN 	  ‘short	  range	  and	  low	  power’	  

Ultra	  dense	  deployments	  
Zero	  latency	  and	  GB	  experience	  –	  	  

when	  and	  where	  it	  ma]ers	   Integrated,	  harmonized	  and	  
complemen(ng	  each	  other	  

Next	  genera^on	  Wide	  Area	  
Scalable	  service	  experience	  any^me	  

and	  everywhere	  

New	  Requirements	  
A	  So]ware	  Defined	  Network	  
A	  New	  Air	  Interface 	   	  A	  network	  of	  networks	  
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•  Sensing	  
•  BaUery	  or	  energy	  grid	  
•  Some	  compu(ng	  capabili(es	  

WSN	  

Sensors	  

µ	  

RAM	  

energy	  

sensor	  

Internet	  of	  Things	  and	  5G	  
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One	  Size	  Does	  Not	  Fit	  All	  
	  

The	  IoT	  is	  more	  than	  just	  Connected	  Things	  
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Public	  Ligh(ng	  
Energy	  
Wastes	  
Traffic	  
Surveillance	  
…	  

Monitoring	  	  
and	  control	  

Internet	  
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IoT	  Applica(on	  Areas	  (Ver(cals)	  

Applica(on	  Areas	  of	  the	  early	  ages:	  
	  
•  Smart	  Buildings 	   	   	   	   	  	  
•  Smart	  Ci(es	  
	  
Public	  Ligh(ng	  
Energy	  
Wastes	  
Traffic	  
Surveillance	  
…	  

Gateway	  

Internet	  
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IoT	  Applica(on	  Areas	  (Ver(cals)	  

	  
	  

	  	  
	  	  
	  5G	  PPP	  IA	  

	  

	  GSMA	  
	  

	  IoT	  fora/projects	  
	  

	  …	  (startups…)	  
	  

Many	  actors	  are	  currently	  looking	  into	  the	  crystal	  ball	  
analysing	  and	  categorising	  IoT	  ver(cals	  
and	  their	  business	  poten(als:	  
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IoT	  Applica(on	  Areas	  (Ver(cals)	  

Macro Group

Main Parameters Use Case

GSMA Group

Latency Energy Data Stream Multicast Channel Category Name

Group 0 <10 ms - - - -
Automotive Cooperative Driving n.a.
Industrial Machine Control Type 3

Group P >10 ms Unlimited - - -

Smart Cities Smart Lighting Type 4
Automotive Infotainment n.a.
Healthcare Robotics n.a.
Smart Cities Smart Grid Type 3

Other Vending Machines Type 4

Group B+ >10ms Limited Up + Down - -

Precision Agricolture Stationary Monitorin Type 3
Consumer White Goods Type 3
Industrial Asset Tracking Type 2

Precision Agricolture Animal Tracking Type 2
Industrial Tank Safety Monitoring Type 2
Consumer Wearable Type 1
Consumer VIP/Pet/Object Tracking Type 1

Smart Cities Smart Parking Type 3
Smart Buildings Home Automation Type 3

Group BHMID 10ms - 10s Limited Up Absent Dynamic
Healthcare Remote Patient Monitoring Type 1

Smart Buildings Smoke Detector Type 2
Group BHMIS 10ms - 10s Limited Up Absent Static Environmental Event Monitoring (fires) Type 2

Group BDTD >10s Limited Up Absent Dynamic
Consumer Smart Bicycle Type 1

Smart Cities Waste Management n.a.

Group BDTS >10s Limited Up Absent Static
Smart Buildings Gas&Water Metering Type 3
Smart buildings Microgeneration Type 2
Environmental Static Monitoring Type 2

Table 2: Final use Cases Macro Groups

2
1
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Macro Group

Main Parameters Use Case

GSMA Group

Latency Energy Data Stream Multicast Channel Category Name

Group 0 <10 ms - - - -
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Industrial Machine Control Type 3
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Smart Buildings Smoke Detector Type 2
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Group BDTD >10s Limited Up Absent Dynamic
Consumer Smart Bicycle Type 1

Smart Cities Waste Management n.a.

Group BDTS >10s Limited Up Absent Static
Smart Buildings Gas&Water Metering Type 3
Smart buildings Microgeneration Type 2
Environmental Static Monitoring Type 2

Table 2: Final use Cases Macro Groups

2
1

Zero	  Latency	  
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Macro Group

Main Parameters Use Case

GSMA Group

Latency Energy Data Stream Multicast Channel Category Name
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2
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Macro Group

Main Parameters Use Case

GSMA Group

Latency Energy Data Stream Multicast Channel Category Name

Group 0 <10 ms - - - -
Automotive Cooperative Driving n.a.
Industrial Machine Control Type 3

Group P >10 ms Unlimited - - -

Smart Cities Smart Lighting Type 4
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Smart Cities Waste Management n.a.
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Smart buildings Microgeneration Type 2
Environmental Static Monitoring Type 2

Table 2: Final use Cases Macro Groups

2
1

Delay	  Constrained	  
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Macro Group

Main Parameters Use Case

GSMA Group

Latency Energy Data Stream Multicast Channel Category Name

Group 0 <10 ms - - - -
Automotive Cooperative Driving n.a.
Industrial Machine Control Type 3

Group P >10 ms Unlimited - - -

Smart Cities Smart Lighting Type 4
Automotive Infotainment n.a.
Healthcare Robotics n.a.
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Table 2: Final use Cases Macro Groups

2
1

Delay	  Tolerant	  
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Macro Group

Main Parameters Use Case

GSMA Group

Latency Energy Data Stream Multicast Channel Category Name

Group 0 <10 ms - - - -
Automotive Cooperative Driving n.a.
Industrial Machine Control Type 3

Group P >10 ms Unlimited - - -

Smart Cities Smart Lighting Type 4
Automotive Infotainment n.a.
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Group BDTS >10s Limited Up Absent Static
Smart Buildings Gas&Water Metering Type 3
Smart buildings Microgeneration Type 2
Environmental Static Monitoring Type 2

Table 2: Final use Cases Macro Groups

2
1

Delay	  Tolerant	  
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IoT	  applica(ons	  might	  even	  be	  categorised	  wrt	  node	  mobility	  
	  

-‐  StaAc	  Things 	   	   	  	  
-‐  Nomadic	  Things 	   	   	  	  
-‐  Mobile	  Things 	   	   	  	  

IoT	  Applica(on	  Areas	  (Ver(cals)	  
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IoT	  Applica(on	  Areas	  (Ver(cals)	  

NFV	  Management	  and	  Orchestrator	  	  

SDIoTN	  
Domain	  

SDIoTN	  
Domain	  

SDN	  
Domain	  

VIoTNF	   VNF	   VNF	  

IoT	  
Network	  	  
Slices	  

VIoTNF	  

SDN	  
Controller	  

SDIoTN	  
Controller	  

SDIoTN	  
Controller	  

IoTVIM	   IoTVIM	   VIM	  
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IoT	  Applica(on	  Areas	  (Ver(cals)	  
Takeaways	  

Most	  IoT	  applica(ons	  will	  require	  	  
non-‐zero	  latency	  	  

	  

Most	  Things	  will	  be	  staAc	  or	  nomadic	  
	  

Some	  IoT	  applica(ons	  deserve	  a	  ver(cal	  approach,	  
not	  all!	  



Prof.	  Roberto	  Verdone	  
www.robertoverdone.org	  

Radio	  Technologies	  



Prof.	  Roberto	  Verdone	  
www.robertoverdone.org	  

Radio	  Technologies	  

Tradi(onal	  op(ons:	  
	  

•  802.15.4	  w	  Zigbee 	  	  
•  802.15.4	  w	  6lowPAN	  /	  6TiSCH 	  	  
•  WiFi 	   	   	  	  
•  GPRS	   	   	   	  	  
•  3G	  /	  4G 	   	   	  	  
•  …	  many	  others	  (WMBUS,	  BT-‐LE,	  etc)	  
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Sink	  

Radio	  Technologies	  

Most	  successful	  ones:	  
	  

•  802.15.4	  w	  Zigbee 	  	  
•  802.15.4	  w	  6lowPAN	  /	  6TiSCH	  
	  

	   	  Short	  Range	  Low	  Rate	  Low	  Power	  

100	  m	  

Gateway	  Internet	  

Coordinator	  

100	  Kbit/s	  
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Mobile	  
Network	  

Sink	  

Radio	  Technologies	  

Most	  successful	  ones:	  
	  

•  802.15.4	  w	  Zigbee 	  	  
•  802.15.4	  w	  6lowPAN	  /	  6TiSCH	  
	  

	   	  Short	  Range	  Low	  Rate	  Low	  Power	  

100	  m	  

Gateway	  Internet	  

Coordinator	  

100	  Kbit/s	  
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Radio	  Technologies	  

Emerging	  op(ons:	  
	  

•  LoRA	  
•  SIGFOX	  
•  …	  

	   	  Low	  Power	  Wide	  Area	  Network	  
	  

Base	  
10	  Km	  

Gateway	  

Internet	  

Base	  Gateway	  

10	  Kbit/s	  
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Radio	  Technologies	  

Emerging	  op(ons:	  
	  

•  LoRA	  
•  SIGFOX	  
•  …	  

	   	  Low	  Power	  Wide	  Area	  Network	  
	  

Mobile	  
Network	  

Base	  
10	  Km	  

Gateway	  

Internet	  

Base	  Gateway	  

10	  Kbit/s	  
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Radio	  Technologies	  

New	  op(ons:	  
	  

	   	  	  	  	  Low	  Power	  Wide	  Area	  Network	  

	  
	  

NB-‐IOT	  
	  

	  
	  

EC-‐GSM	  
(Enhanced	  Coverage)	  

	  
	  
	  
	  
	  
	  
	  
	  

a.k.a.	  eMTC	  

Based	  on	  LTE	   Based	  on	  2G	   New	  Interface	  

LTE Cat.0 
3GPP:	  Rel.12	  

LTE-‐M	  
3GPP:	  Rel.13	  
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Radio	  Technologies	  

New	  op(ons:	  
	  

	   	  	  	  	  Low	  Power	  Wide	  Area	  Network	  
	  

NB-‐IOT	  

Mobile	  
Network	  

Base	  
10	  Km	  

Internet	  

Base	  

100	  Kbit/s	  
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Radio	  Technologies	  /	  LoRa	  
Ø  Data	  Block	  Dura(on	  vs	  Receiver	  Sensi(vity	  

Receiver	  Sensi(vity	  [dBm]	  	  
(SX1272)	  

SF	   BW	  [kHz]	  
125	  

BW	  [kHz]	  
250	  

BW	  [kHz]	  
500	  

6	   -‐121	   -‐118	   -‐111	  

7	   -‐124	   -‐122	   -‐116	  

8	   -‐127	   -‐125	   -‐119	  

9	   -‐130	   -‐128	   -‐122	  

10	   -‐133	   -‐130	   -‐125	  

11	   -‐135	   -‐132	   -‐128	  

12	   -‐137	   -‐135	   -‐129	  
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Radio	  Technologies	  /	  LoRa	  

Impossibile visualizzare l'immagine. La memoria del computer potrebbe essere insufficiente per aprire l'immagine oppure l'immagine potrebbe essere danneggiata. Riavviare il computer e aprire di nuovo il file. Se viene visualizzata di nuovo 
la x rossa, potrebbe essere necessario eliminare l'immagine e inserirla di nuovo.

11	  km	  

Ø  Path	  Loss	  vs	  Distance	  
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Radio	  Technologies	  /	  LoRa	  

95	  
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150	  
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	  (d

B)
	  

Distance	  (km)	  

pathloss	  vs	  Distance	  

Measure	  SF12	  
Measure	  SF9	  
Measure	  SF7	  
Okumura_Hata	  
Measures	  Best	  Fit	  

Ø  Path	  Loss	  vs	  Distance	  
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Radio	  Technologies	  /	  LoRa	  

0	  

0,2	  

0,4	  

0,6	  

0,8	  

1	  

-‐6	   -‐4	   -‐2	   0	   2	   4	   6	  

Su
cc
es
s	  R

at
e	  

Signal	  to	  Interference	  Ra(o	  (dB)	  

sf7	  

sf12	  

Ø  Inter-‐code	  interference	  (same	  SF)	  
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Radio	  Technologies	  /	  LoRa	  
Ø  Inter-‐code	  interference	  (different	  SF,	  synchronous)	  

0	  

0,2	  

0,4	  

0,6	  

0,8	  

1	  

-‐35	   -‐30	   -‐25	   -‐20	   -‐15	   -‐10	   -‐5	  

Su
cc
es
s	  R

at
e	  

Signal	  to	  Interference	  Ra(o	  (dB)	  

sf7-‐sf9	  

sf7-‐sf12	  

sf9-‐sf12	  

sf9-‐sf7	  

sf12-‐sf9	  
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Radio	  Technologies	  /	  LoRa	  

SF12	  =	  High	  Channel	  
U^liza^on	  

3	  x	  125	  kHz	  channels	  (sub	  band	  868MHz	  G1)	  
Traffic:,	  	  
Rural	  Scenario	  
Deployment	  area:	  side	  	  
Number	  of	  Devices:	  from	  10k	  to	  50k	  

	  

Ø  Performance	  
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Radio	  Technologies	  /	  LoRa	  
Range	  with	  

SF=7	  With	  𝑆𝐹≥10	  All	  
nodes	  are	  

always	  covered	  

Gateway	  Number	  =	  1	  

Gateway	  Number	  =	  4	  

Gateway	  Number	  =	  7	  

Ø  Performance	  
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Radio	  Technologies	  /	  LoRa	  

0	  

20	  

40	  
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100	  
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0	   1	   2	   3	   4	   5	   6	   7	   8	  

Av
er
ag
e	  
Su
cc
es
s	  R

at
e	  
[%

]	  

Number	  of	  Gateways	  

SF0=7,	  No	  ACK	  

N=33k,	  SF0=7,	  Mtype=Unconf	  

N=167k,	  SF0=7,	  Mtype=Unconf	  

N=334k,	  SF0=7,	  Mtype=Unconf	  

Geometrical	  Coverage	  (SF=7,	  Uplink)	  

The	  gain	  is	  mainly	  due	  to	  the	  
be]er	  geografical	  coverage	  
provided	  by	  mul^ple	  cells	  

All	  the	  transmission	  
are	  with	  SF7	  

(Coverage	  depends	  on	  
number	  of	  Cells)	  

Ø  Performance	  
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Radio	  Technologies	  /	  LoRa	  
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Av
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[%
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Number	  of	  Gateways	  

SF0=12	  

N=33k,	  SF0=12,	  Mtype=Conf	  

N=33k,	  SF0=12,	  Mtype=Unconf	  

N=167k,	  SF0=12,	  Mtype=Unconf	  

All	  the	  transmission	  are	  
with	  SF12	  

(All	  devices	  are	  always	  
covered)	  

The	  improvement	  is	  due	  to	  the	  
highest	  probability	  of	  receiving	  at	  
least	  one	  packet	  with	  a	  good	  SIR	  

Ø  Performance	  



Prof.	  Roberto	  Verdone	  
www.robertoverdone.org	  

Radio	  Technologies	  /	  NB-‐IOT	  

Throughput	  [kbps]	  

Range	  [km]	  

Latency	  [s]	  Ba]ery	  Life	  [y]	  

Network	  Capacity	  [kNodes]	  

Technology	  Comparison	  

LoRa	   NB-‐IOT	  

Two	  different	  
Targets	  
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Radio	  Technologies	  /	  NB-‐IOT	  

PRB	  

LTE	  User	  1	  

LTE	  User	  2	  

LTE	  
User	  3	  

LTE	  User	  4	  

NB-‐IOT	  
Users	  

PRB	   PRB	  

Ø  Radio	  Resources	  

	  -‐	  out	  of	  band	  
	  -‐	  guard	  bands	  
	  -‐	  in	  band	  

t	  

f	  
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Radio	  Technologies	  /	  NB-‐IOT	  
Ø  Radio	  Frame	  Structure	  (15	  kHz)	  
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Sub-‐
Frame	  

Sub-‐
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0.5	  ms	  

10	  ms	  
(10	  Sub-‐Frames/20	  Slots)	  
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Radio	  Technologies	  /	  NB-‐IOT	  
Ø  Radio	  Frame	  Structure	  (3,75	  kHz)	  

Type	  1	  

Type	  1	  Frame	  

Slot	   Slot	   Slot	   Slot	   Slot	  

2	  ms	  

10	  ms	  
(5	  Slots)	  
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NPUSCH	  
format	  

Subcarriers	  
per	  LTE	  
band	  

Symbols	  
per	  slot	  

Subcarriers	  
per	  

Resource	  
Unit	  

Slots	  per	  
Resource	  

Unit	  

Resource	  
Elements	  

Band	  
Occupa(on	  

Time	  on	  
Air	  

1	  
(Data)	  

3.75	  kHz	   48	  

7	  

1	   16	   112	   3.75	  kHz	   32	  ms	  

15	  kHz	   12	  

1	   16	   112	   15	  kHz	   8	  ms	  

3	   8	   168	   45	  kHz	   4	  ms	  

6	   4	   168	   90	  kHz	   2	  ms	  

12	   2	   168	   180	  kHz	   1	  ms	  

2	  
(Control)	  

3.75	  kHz	   48	   1	   4	   28	   3.75	  kHz	   8	  ms	  
15	  kHz	   12	   1	   4	   28	   15	  kHz	   2	  ms	  

Ø  Radio	  Resources	  

3.75	  kHz:	  only	  single	  tone	  RUs,	  2	  ms	  Slot	  Dura^on	  
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Radio	  Technologies	  /	  NB-‐IOT	  
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Ø  Radio	  Resources:	  Assignment	  
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Radio	  Technologies	  /	  NB-‐IOT	  
Ø  Expected	  Performance	  

•  Node	  Number	  
	  <	  50k	  nodes	  per	  LTE	  band	  

•  Throughput	  
	  Uplink:	  250	  kbps	  –	  20	  bps	  (128	  repe((ons)	  
	  Downlink:	  250	  kbps	  –	  35	  bps	  (512	  repe((ons)	  

•  Coverage	  
	  MCL:	  170	  dB	  (max	  repe((ons)	  (LTE	  +	  30	  dB)	  

•  BaUery	  Life	  
	  10	  year	  (200	  B	  per	  day)	  	  

See	  Report	  TR	  45.820	  
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Network	  Architectures	  
Latency	  

G	  
Delay	  Tolerant	  
Networking	  

R	  
R	  

R	  

5G	  Cellular	  

C	  G	  IP	  Capillary	  /	  
non	  IP	  WSN	  

NB-‐IOT	  

LPWAN	   C	  G	  



Prof.	  Roberto	  Verdone	  
www.robertoverdone.org	  

Network	  Architectures	  
Latency	  
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SDWN	   2.5	   5.5	  
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6LowPAN	   10.5	   16.5	  

Overhead	  
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What	  Kind	  of	  Roaming	  Router	  /	  Gateway?	  
	  

	  In	  the	  city	  centre	  of	  Bologna	  
	  60%	  of	  buildings	  can	  be	  connected	  	  
	  to	  any	  other	  within	  4	  hours	  
	  exploi(ng	  pedestrian	  and	  bus	  mobility	  
	  and	  their	  WiFi.	  

	  

Future	  Scenarios	  /	  DTN	  
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Cost/Speed Analysis of Mobile Wireless DTNs
under Random Waypoint Mobility
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Abstract—We study a network where an infinite number of
nodes are moving in R2 according to a Random Waypoint (RWP)
mobility model. Each node is equipped with a radio transceiver
with transmission range R; a transmission across a distance d

incurs a quadratic cost d2. We assume that a packet is generated
at one node and must be delivered to a destination located at an
infinite distance in the direction of the positive x-axis through
a combination of wireless transmissions and physical transports
on the buffers of nodes. A routing rules specifies when a node is
eligible to carry the packet.

Given this setting, we develop a mathematical framework with
tools from stochastic geometry and Markov chains theory, to
evaluate, with certain approximations, the tradeoff between the
speed with which the packet travels toward the destination and
the transmission cost incurred per unit of distance, using analysis
and simulation. The effects of the transmission range R and other
parameters on the performance metrics are also investigated. The
simulation results show a good match with the analytical results.

I. INTRODUCTION

The objective of this work is to develop a mathemati-
cal framework that uses tools from stochastic geometry and
Markov chains theory to evaluate the performance of simple
store-carry-and-forward routing algorithms, in a network with
an infinite number of mobile nodes moving according to a
Random Waypoint (RWP) mobility model.

A. Related work

Store-carry-and-forward protocols for use in Delay-Tolerant
Networks (DTNs) have recently attracted significant interest;
see [1] and references therein. This work can be seen as an
extension of [2], where a similar framework was developed;
however, differently from [2], our mobility model includes
the possibility of nodes occasionally changing their direc-
tion, which is more realistic but complicates the analysis
significantly; furthermore, and in contrast to [2], a more
detailed analysis is conducted, coupling the existing stochastic
geometry approach with a new Markov chain component.
Moreover, we present and discuss four new routing rules, with
respect to the two discussed in [2]. In [3], an upper bound
of the information propagation speed, that holds irrespective
of the routing protocol used, was derived for different types
of mobility models. Our work is different from [3] because
we do not provide bounds, but we focus on specific routing
rules; moreover we consider the cost besides the propagation
speed. In [1] the authors analyze the delay/cost tradeoff for
the delivery of a packet in a DTN for a number of known

geographic routing rules, using network optimization tools;
the same tools are used by the authors of [4] to study
the delay/cost tradeoff of a store-carry-and-forward protocol;
differently from these works we use probabilistic analysis.
Another work that examined delay/cost tradeoff in DTNs for
several routing protocols is [5]. The capacity/delay tradeoff
is analyzed in [6] and [7] for a network composed of a fixed
number of mobile nodes that move according to a random walk
with constant speed, while we consider a different tradeoff and
a different mobility model.

II. NETWORK MODEL AND ROUTING RULE

A. Network Model

An infinite number of nodes move in R2 according to the
following RWP mobility model [8]: at time t = 0 nodes
are placed on R2 according to a homogeneous Poisson Point
Process (PPP) with density �. Each node then selects a random
direction and starts moving in that direction until a change of
direction occurs at time T1, when a new random direction is
chosen; after time T2 another change of direction occurs and a
new random direction is chosen, and so on; this process con-
tinues forever. We assume that the change-of-direction instants
Tk form a homogeneous Poisson process with intensity r0 and
the new directions are uniformly distributed in [�⇡,⇡]. At
all times nodes move at constant speed v0 and independently
of each other. Note that, by the displacement theorem [9,
Theorem 1.3.9], at any time the nodes constitute a PPP of
density �.

We focus on a single tagged packet that is generated
at a source node and must be delivered to a destination
located at an infinite distance from the source in a specific
direction (which, for simplicity, is taken to be the direction
of the positive x-axis), through a combination of wireless
transmissions and physical transports on the buffers of nodes.
The node that at a given time instant is carrying the packet
is called the carrier. The exchange of a packet between two
nodes separated by distance d is instantaneous and has a trans-
mission cost C(d) = d

2. The transmission range of a node is
denoted by R, and the circular region of radius R centered at
a node and moving with it is called the forwarding region
(FR), it will be denoted by the symbol F . A routing rule
(RR) specifies under which conditions a packet is transmitted
to another node; in this work we perform analysis under a
specific RR that will be introduced in Section II-D, but our
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•  Delay	  Tolerant	  	  
	  	  	  	  	  	  Networking	  
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•  Coverage	  
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•  Capacity	  

Future	  Scenarios	  /	  UAV-‐Aided	  Networks	  

SDN	  
Controller	  



Prof.	  Roberto	  Verdone	  
www.robertoverdone.org	  

•  Network	  	  
	  	  	  	  	  	  Flexibility	  
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•  Post-‐disaster	  
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Main	  Takeaways	  /	  1	  

From	  the	  POV	  of	  Network	  Architectures	  
there	  are	  three	  main	  IoT	  Applica(on	  Categories:	  
	  
a)	  Industrial	  and	  Automo(ve	  IoT	  	  

	  with	  “zero	  latency”	  constraints	  
	  

b)	  Delay	  Constrained	  IoT	  
	  

c)	  Delay	  Tolerant	  IoT	  
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Main	  Takeaways	  /	  1a	  

a)	  Industrial	  and	  Automo(ve	  IoT.	  	  
	  

	  	  
	  The	  solu(on	  is	  in	  5G	  networks	  

	  

	  We	  just	  need	  to	  wait	  
	  

	  Two	  ver(cals	  for	  5G	  networks	  
	  

	  Two	  network	  slices?	  
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b)	  Delay	  Constrained	  IoT	  	  
	  

	  	  
	  The	  solu(on	  is	  already	  out	  there	  …	  

	  

	  We	  just	  need	  good	  business	  models	  
	  and	  use	  the	  right	  technology	  op(on	  

	  

	  Implementa(on	  of	  SDN	  solu(ons	  
	  will	  allow	  beUer	  control	  

Main	  Takeaways	  /	  1b	  
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c)	  Delay	  Tolerant	  IoT	  	  
	  

	  	  
	  The	  solu(on	  might	  be	  in	  the	  sky…	  

Main	  Takeaways	  /	  1c	  
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c)	  Delay	  Tolerant	  IoT	  	  
	  

	  	  
	  The	  solu(on	  might	  be	  in	  the	  sky…	  

Main	  Takeaways	  /	  1c	  
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