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Outline

A comparison with other areas.
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New services and applications.
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Conclusions.



W Learning from PCs (1)
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~um¥| o Mainframes dominated, until
PCs took over when
computers were extended to
the mass market.

@

(IBM, 1972)

e An operating system based
on windows had a crucial
importance in the spread of
PCs.

(Wikipedia, 1972)

e Easiness of use is essential
for the mass market!

(PhotosCom, 2008) (Nokia, 2007)


http://www.rodrigoghedin.com.br/wp-content/uploads/2007/10/windows-vista.jpg
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Learning from PCs (2)

e I|nitially, PCs had performance
metrics that were orders of
magnitude below the current
ones (ZX Spectrum, 1982,

3.5 MHz, 16 kB, 0 GB).

e There’s a race in wireless systems
between services made available
to users and data rates made
available by terminals/networks!

y '__,'_,
B

(Nadine Meade, 2000)



http://coisasdopassado.no.sapo.pt/timex1.jpg
http://www.nadinelmeade.com/pgs_for_graphics/detail_5.html

W Learning from Cars
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“umv| o |n the beginning, the goal was for

B faster cars.

N :

e Then, cars evolved for increased
comfort and safety of

passengers.

e Nowadays, cars are being sold for
energy efficiency.

e Speed is no longer important!



http://current.com/http:/www.funstuffdaily.com/2010/03/15/funny-picture-of-the-day-car-evolution/

W Terminals
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-~ o Terminals are varied, serving different usages and
B services:

(techclones, 2013)



http://www.google.pt/url?sa=i&rct=j&q=screen+size+evolution+in+mobile+phones&source=images&cd=&cad=rja&docid=EKsSADIGhT60kM&tbnid=pDcRxghwFuOqYM:&ved=0CAUQjRw&url=http://blog.bigcircle.nl/2011/09/from-fridge-to-cutting-board/&ei=lHMXUeCiCq6X0QXphIC4Bg&bvm=bv.42080656,d.ZG4&psig=AFQjCNEXd3DqjwSS1Nk4Jl82DxUt-0lChQ&ust=1360577641654787

W More Terminals
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Data Rate Evolution

e There’s an exponential trend in data rates
evolution:

100Tb/s
10 Th/s
1Tb/s
100Gb/s
10Gb/s
1Gb/s
100Mb/s
10Mb/s
1Mb/s
100Kb/s
10Kb/s

Cellular (100m)

LTE Advanc

R99 / EDGE

1995

>
2000 2005 2010 2015 2020 2025 2030

(Fettweis, 2017)
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The Tactile Internet

e Order of magnitude of human reaction times:

1s

100ms

(Fettweis, 2014)

1ms
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Services’ Classes

Service Conver- |Strea- Inter- Back-
class sational |ming active ground
Real time Yes Yes No No
Symmetric Yes No No No
Switching CS CS PS PS
glégranteed Yes Yes No No
Delay Minimum|Minimum |Moderate| High
Fixed Variable |Variable | Variable
Buffer No Yes Yes Yes
Bursty No No Yes Yes
Example voice email

(3GPP, 2000)




W Data Traffic
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“um| o Examples of different types of traffic:

AR

RO Nt} .
A HTTP | TR0 HTTEOF | .
Nanst Napsler-OFF Napsier 43N ||”
Napster
emall-0%
sl emal-OFF ﬂ r ﬂ -
LWL w11

I FIFah L1kl I

FTFP i

11 (Klem et al., 2001)
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Access Times

T File Size | 96 | 384 | 2 10 | 150 | 1
[B] | kb/s | kb/s | Mb/s|Mb/s|Mb/s| Gb/s

&) [Email |10k | 835 0.25 0.0s 0.0s 005 00s
Text 40k | 33.3s| 0.8s| 0.2s| 0.0s| 0.0s| 0.0s
Photo 0.I1M| 1.4m| 2.1s| 04s 0.1sf 0.0sf 0.0s
Doc. 2 M|27.8mld4l1.7sf 80s 1.6s 0.1s| 0.0s
Music |4 M|55.6m|1.4m|16.0s| 3.2s 0.2sf 0.0s
Video 10 M| 23h[{35m[40.0sf 8.0s 055 0.1s
HD film| 5G |48.2d| 1.2d] 56h| 1.1 hj4.4m| 40.0s
AK film 100G | 2.6y]24.1d| 4.6d[22.2h] 1.5nh/13.3 m
8K film 300G | 79vy72.3d/13.9d 2.8d| 4.4h40.0 m
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Services Usage (1)

e Network deployment and management need to

take advantage of hum

an services usage, which is

very much associated with daily activities.
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W Services Usage (2)
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~um| o Voice and data have a completely different

N behaviour.
AW

I—Voice A\I/erage Profile|
—Data Average Profile |

Normalised Traffic
oNoNoNolNoRNoNeoNo N

00 10:00 1500 _ 20:00  0:00 5:00
Shifted Time

oL wbhUoON®O©-
I
|

14
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Services Usage (3)

e The type of urban occupation has also influence on

traffic behaviour.

550 | | — | — T | T | — | T E— T T — | —

Residential traffic curve
m— Office traffic curve
Mixed traffic curve

50 | 1 | 1 | | | 1 | | | | 1 1 1 | | | 1 | [l

o 1 2 3 4 5 6 7 88 9 10 11 12 13 14 15 16 117 18 19 20 21 22 23 24

Time[hour]



@ Services Usage (4)
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~u=*| e The various data services have a different usage.
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W Services Usage (5)
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~um| o DLand UL data services’ behaviour is different.

ﬁ I =il . T B Games OO nle M2
w' P2p BN Stresming M \olP | IR

NormalisedUpload Traffic

17| Time [h]
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Operators’ Key Problem

e How to “break the laws of physics”?

& ]
Traffic Volume
: Dperator Costs — Current Model
E Operator
Voice Dominates ! Ilev;nm
- h-l

Operator Revenue
Customers

Data Dominates

Time
(Accenture, 2013)
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Which Perspective?

e The Olympic Games
motto applied to ‘ '
current systems (i.e.,
more of the same, but

just better), is a too
shortfall goal.

Now, more than ever,
one should have a
disruptive view of the Higher

future. Stronger)

ter


http://www.infendo.com/uploaded_images/SecretOlympicRings.png

W Current Perspective

TECNICO
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e Today’s wireless systems are still very much used in
the perspective of “one size fits all”.

@

e We're no longer in the era :
of voice centric networks,
hence, service differentiation
must be used.

(AutomationClinc, 2013)

20


http://www.google.pt/url?sa=i&rct=j&q=one+size+fits+all&source=images&cd=&cad=rja&docid=-zoOkxYSmGJ62M&tbnid=Wxpo3v7qzbIBnM:&ved=0CAUQjRw&url=http://automationclinic.com/blog/the-problem-with-one-size-fits-all-marketing/&ei=fTGqUfaAM-HN0QXx9YHADw&bvm=bv.47244034,d.ZGU&psig=AFQjCNGHMgfLTnlKmNcG-wl8fNDI9QY7Fg&ust=1370194639795482

W VNOs’ SLAs

TECNICO
LISBOA

“u=*| o Three general Virtual Networks Operators’ SLAs
types can be considered:
e GB - Guaranteed Data rate,
Bitrate
e BG - Best effort
with minimum
Guaranteed: Max guar. GB I~ -
e BE - Best Effort.

@

Network cap. |-

Min guar. GB |-

Priority

21
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ITU’s View on Services for 5G

e There are 3 key features:
Enhanced Mobile Broadband

Gigabytes in a second
3D video, UHD screens

Work and play in the cloud
SmartHome/Building
Augmented reality

Industry automation

Mission critical application,

e.g. e-health
Smart City Self Driving Car

Massive Machine Type Ultra-reliable and Low Latency
Communications Communications

(ITU, 2015)
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Importance of Key Capabilities

e The importance of features depends on services.

Peak A M User Experienced
Enhanced Mobile Data Rate IS aI0s e

Broadband

- -
-----

Area Traffic
Capacity

Spectrum
Efficiency

Network ; »
Energy Efficiency Mobility
Ultra-reliable

and low latency

communications

Massive machine
type communications

Connection Density Latency
(ITU, 2015)



W Enhancement of Network
TR Capabilities for 5G

S| There’s a gap between 4G and 5G:

Peak Data Rate Data Rate

@

24 (ITU, 2015)
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New Service Dimensions

e New capabilities need to be ensured:
Network traffic

(exabytes/mont S er Vi ces

User expenenced
Peak data rate data rate
(Ghit's)

Enhanced mobile

Areatraffic #*
capacity :
(Mbit s m

& Spectrm
efficiency

Distributea
computing

Positioning
accuracy

Metwork
energy efficiency ¢
L 4 \
L
Massive machine type ¢ . Ultra-reliable and
communications (mMMTC) w0 low latency
n u | & e
Connecti on d%usil}' Latency communications
{devices/ km ) { UR LLC)

Source: 11U-K Rec. Security

M.2083 (modified)
(EC, 2019)
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Current View on 5G Capabilities

e Goals are very demanding:
>10 Gbps

peak data rates

100 Mbps

whenever
needed

Ex:tr'gnwe
mobile
broadband

Latency

Connectivity <1 ms
latency

1 ,000,000 MESVE Cntical

devices per machine machine

km? communicationf communication

Reliability
years
on battery

(NOKIA, 2019)



@ Service Requirements
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~| o Machine-to-Machine will be dominating use cases:

@

100Mbps

-
4+
9
=
O
=
O
[an|

10kbps

People &Things  Systerms Control

10s 1s 100ms 10ms

Latency
27 (NOKIA, 2019)




W Evolutions of LTE-X
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~u=*| o |TEis evolving to accommodate several different
versions, in order to accommodate the
requirements from previous Private Mobile Radio
communications systems, and 5G is expected to
take this evolution further:

@

e LTE-MCC (Mission Critical Communications)
e LTE-R (Railways)

e LTE-lIoT (Internet of Things)

e LTE-LAA (License Assisted Access)

28
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Information Access

e The paperless society will have a huge impact on

networks:

e media is being consumed
in portable devices;

e daily commuters will need
a lot of information on an
instantaneous basis.

(musingsfrommedway, 2010)
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Location Awareness

e |ocation based services are being

introduced these days, upon user
demand.

e The opposite is being introduced
as well, i.e., the environment
being aware that the user is
present.

—— . -
(Minority Report, 2002)


http://images.google.pt/imgres?imgurl=http://www.unwiredview.com/wp-content/uploads/2007/02/nokia-6110-navigator-35-hsdpa-phone-gps.jpg&imgrefurl=http://www.unwiredview.com/2007/02/13/nokia-6110-navigator-fully-functional-35g-hsdpa-phone-with-gps-navigation/&h=396&w=482&sz=39&hl=pt-PT&start=1&tbnid=Rx9v_1xpyfO8eM:&tbnh=106&tbnw=129&prev=/images?q=phone+gps&gbv=2&hl=pt-PT&sa=G
http://images.google.pt/imgres?imgurl=http://tatianna.zip.net/images/01.jpg&imgrefurl=http://tatianna.zip.net/arch2005-06-01_2005-06-30.html&h=300&w=450&sz=41&hl=pt-PT&start=161&tbnid=dHhQ6LWw4bxxnM:&tbnh=85&tbnw=127&prev=/images?q=minority+report&start=147&gbv=2&ndsp=21&hl=pt-PT&sa=N

W Internet of Things

TECNICO
LISBOA

—uv| e Today’s systems are still based on
a person being the end user.

@

(Kenwood, 2007

e Future systems are considering
machine-to-machine
communications, i.e., 10T, as being
potentially more important.

(DHD, 1998)

e Sensor networks are emerging as
one of the “killer” network
. structures of the future.

(SensorProd, 2007)


http://images.google.pt/imgres?imgurl=http://www.personal.psu.edu/users/w/f/wfs120/egee102_wfs/Refrigerator.jpg&imgrefurl=http://www.personal.psu.edu/users/w/f/wfs120/egee102_wfs/Water_Heaters_data.html&h=1500&w=1330&sz=449&hl=pt-PT&start=2&tbnid=UoygHOUvGnkMxM:&tbnh=150&tbnw=133&prev=/images?q=refrigerator&gbv=2&hl=pt-PT&sa=G
http://gallery.hd.org/_exhibits/food/supermarket-restocking-1-DHD.jpg
http://www.sensorprod.com/images/bodymapping_site_02.jpg

W What services? (1)

TECNICO
LISBOA

~u=¢| o Mobile 3D Internet:

D visualisation of 3D images from a
AW .
terminal.

e Real-time ad hoc communities:

extending social networks into
happenings on the spot.

e Prosumers:

users playing a decisive role as
producers and consumers of
contents. (enriquedans, 2006)

32


http://www.enriquedans.com/wp-content/uploads/blogger/uploaded_images/prosumers-706780.jpg

W What services? (2)

TECNICO
LISBOA

-~ e Context aware mobile web:

ﬁl'l' physical and social awareness of
users’ experience.

e |nteractive context aware games:

games adapted to the user’s
physical environment.

e Augmented and virtual realities:

addition of real and combination
of virtual information to real life
objects.

33 (Spectrum, 2008)




W Vehicular Communications
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~ @) e Vehicular communications are a major area under
2 development:
W

e vehicle-to-vehicle;

e vehicle-to-infrastructure.

(awe, 2011) (car2car, 2008)

34


http://www.car-to-car.org/uploads/pics/GLOSA_top_web.jpg

W Body Area Networks

TECNICO
LISBOA

“Hlpgge

e Several BAN application scenarios are envisaged.

@

Wearable PC,
controller or data
aggregator with

WLAN / GPRS /
WiMax backhaul

off-body link

@ medical implants/
body area network

RFID it
) wearable sensors or _O"T oy
peripherals ' personal area

' network — off-body

35 (qub, 2011)



@ Industrial Evolution
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S| o The extension to industrial
applications is going to be
unlimited:

@

e utilities

e factories

e infrastructure

. JﬁgﬂE_

e transportation

36 (ABB 2019)



W Critical Communications
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-~ e Critical communications services
will evolve from current 4G views:

@

e command and control
e public safety

e secure information

37 (Motorola, 2019)
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The Human to Machine Transition

Extreme
Mobile
Broadband

Massive
Scale
Communication

Ultra-Reliable
Low Latency
Service

oot

Human to Human

|ﬂ| ©) 15

Human to Machine

=)=

Machine to Machine

____________________________________________________
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|
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W Smart Cities
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~um| o Smart Cities are getting a lot of
B attention lately, encompassing:
N

e Public information and training

e Emergency warnings

e Health, inclusion and assisted
living

e Intelligent Transportation D R
Systems s

................

e Environment, Energy Efficiency,
and Smart Grids.

(photoaki, 2010)

39



W Too Many Players

TECNICO
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~ <= e Many opportunities can be OPPORTUNITIES
S identified, as well as challenges

2
W | and barriers.

e |t extends beyond ICT, needing
to incorporate other
dimensions.

e |tisaveryfragmented market,
dealing with a high number of
stakeholders and a huge variety
of systems (interoperability!?).

(LynTopinka, 2006)

40



W A Broader View
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“u| o When dealing
with the
application of
technology,
one needs to
nave a
oroader view,
oeyond the
technical
aspects.

@

(AWARD, 2010)

41
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Health, Inclusion
and Assisted Living (1)

e The following key areas were identified:

assistive technologies,

wireless diagnhostic and disease
management,
hospital consultation and '\ =
emergency scenarios, A o,
) gl
e
a
r

. b2
well being and .o
i1
L] L] I
personalisation. T2 X
- Q. 1 i
= won
4 2ol n
.z daily lif \\%k C
[fay ()

~c o S0w o M)

(orronN



W Health, Inclusion
s and Assisted Living (2)

~u| o Application requirements can vary a lot:

-----

. . ‘*MWW*%W
ﬁi'll' e wide range in the volume of data, i
e continuous measurement, P et

e “error free” data,
e delivery of alarms,

e personalised devices,

|

(biojoblg, 2008)

43
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Intelligent Transportation Systems

(1)
e These key areas were identified:

e urban and road traffic

Oxo—)
(orronwN

management,

o efficient trip management, v
e communication services ahé
(V2V and V2I),

e mobile prosumer. t

‘

= (webcredible, 2010)


http://www.google.pt/imgres?imgurl=http://www.idrc.ca/uploads/user-S/11476980283traffic.jpg&imgrefurl=http://www.idrc.ca/en/ev-97409-201-1-DO_TOPIC.html&usg=__jxzOmGMBaVG_z_7BcrQnufr7Q7Y=&h=404&w=600&sz=48&hl=pt-PT&start=1&um=1&itbs=1&tbnid=eSJJik80WXQn6M:&tbnh=91&tbnw=135&prev=/images?q=urban+traffic&um=1&hl=pt-PT&sa=N&rlz=1T4GZAZ_pt-PTPT380PT381&tbs=isch:1
http://www.google.pt/imgres?imgurl=http://japan.automk.com/media/2007/07/wireless_car.jpg&imgrefurl=http://japan.automk.com/thread-53044-1-6.html&usg=__HHsFomnSRnr8Nw5tFFtBJIR-tPY=&h=315&w=450&sz=95&hl=pt-PT&start=3&um=1&itbs=1&tbnid=rd70mM-WoiY19M:&tbnh=89&tbnw=127&prev=/images?q=V2V&um=1&hl=pt-PT&sa=G&rlz=1T4GZAZ_pt-PTPT380PT381&tbs=isch:1

@ Intelligent Transportation Systems
(2)
“um9| e Requirements include: T

@ e scalability of solutions,

e heterogeneity of devices,

e availability of accurate location
information,

e real-time exchange of data,

(USurrey, 2008)

il L (Apple, 2010)

45
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Environment, Agriculture and
Energy Efficiency (1)

e Several key areas were identified:

b 2
" e 0
e integration into infrastructures, * g
b
e sensor and actuators systems, - h
P |
e smart devices, E d
e [
' n n
e smart grids. s 9
j €
| Y
| e

(v, OoN-

(solarstreet, 2010)

(allthingsgreen, 2010)



@ Environment, Agriculture and
oy Energy Efficiency (2)

_ “Sgl&scw M .
l e Requirements encompass:
ml'll' e reliable real-time communications, m.m

e battery long life, / hS

(masternewmedia, 2009)

e specific sensor and actuator
networks,

e redundant communication
channels, (digikey, 2009)

47 . (headway, 2010)



W Policy (1)
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~umv| o Research on the Future
Internet needs to interact
with other areas (biology,
sociology, psychology,
construction, cars, ...).

@

(RICS, 2008)

e This interaction will increase
the complexity concerning
regulation and policy.

(PBASE, 2008)

e Will there be ethical barriers,
like those existing today in
biology/medicine?

STEM CELL

H
SESERRE National Ethics

Committee on
Assisted Human
Reproduction

48 (Amazon, 2008)


http://upload.wikimedia.org/wikipedia/commons/f/f0/DNA_Overview.png
http://images.google.pt/imgres?imgurl=http://www.rics.org/NR/rdonlyres/2A978A66-4D8F-40A0-905F-EA78BAA3E174/0/networking_professionals.jpg&imgrefurl=http://www.rics.org/RICSWEB/ContentList.aspx?channelguid=%7b1A33E54B-5AB3-482C-ABEA-6D8342C0C879%7d&fromwhere=RICS%20news%20and%20opinion&hide=d213fa86-9422-4034-9f5c-1584068f9c94&startitem=3&h=320&w=430&sz=20&tbnid=DIIlMvHtFsjPlM:&tbnh=94&tbnw=126&prev=/images?q=people+shaking+hands&um=1&start=3&sa=X&oi=images&ct=image&cd=3
http://images.google.pt/imgres?imgurl=http://i.pbase.com/v3/36/275736/1/45385571.44ElAnUpthrustofBuildings.jpg&imgrefurl=http://www.pbase.com/image/45385571&h=656&w=800&sz=150&hl=pt-PT&start=1&um=1&usg=__Nw9zFmCXtXKZ1gOc1fls20Y-vxI=&tbnid=LwlYlAlpmnPlhM:&tbnh=117&tbnw=143&prev=/images?q=buildings&um=1&hl=pt-PT
http://images.google.pt/imgres?imgurl=http://ecx.images-amazon.com/images/I/51CCRrxC+dL._SL500_AA240_.jpg&imgrefurl=http://www.amazon.com/Stem-Cell-Research-Applications-Controversy/dp/0816049491&h=240&w=240&sz=15&hl=pt-PT&start=3&um=1&usg=__6iTh9JkLRoQ25VmLrXwWUlRlCxU=&tbnid=i0SRzWcLT78zPM:&tbnh=110&tbnw=110&prev=/images?q=ethical+biology+research&um=1&hl=pt-PT&sa=G

W Policy (2)
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e Whether we like it, or not, some
policy aspects do need to be
taken into consideration, e.g.,
the possibility of Governments [
having access to data. h

@

e How to comply with the
interests of so many players
(telecom operators and vendors,
service and content providers,
banks, goods distribution, ...), _
with different development (Tecnotrekos, 2008) ~ §
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W Conclusions

TECNICO
LISBOA

~u=v| o The evolution from 4G to 5G is based on a new set
of performance parameters, beyond data rate.

@
e Communication latency and connectivity capacity
play an important role in 5G, yielding non-direct
human services and business ones, i.e., no longer

focused on the consumer market.

e The variety of services and applications is going to
increase beyond imagination.

e Many challenges are still open, namely the
deployment of services by companies with very
different development cycles.
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W The End
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“u=e| o “| think there is a world market for maybe 5

B computers”, Thomas Watson (IBM), 1943.

e “There is no reason anyone would want a computer
in their home”, Keneth Olsen (DEC), 1977.

e “The best way to predict the future is to invent it”,
Alan Kay (UCLA), 1971.

51



W Thank youl!
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