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Outline

The past of other technologies.

Putting applications into the context of systems and
networks.

Extrapolating to Mobile & Wireless Comms.

Conclusions.
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Learning from PCs (1)

e Mainframes dominated, until
PCs took over when
computers were extended to
the mass market.

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

e Easiness of use is essential
for the mass market!

(Wikipedia, 1972)

(PhotosCom, 2008)

(Nokia, 2007)


http://www.rodrigoghedin.com.br/wp-content/uploads/2007/10/windows-vista.jpg

W Learning from PCs (2)
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Soseo | o Initially, 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!

P s

(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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e |n the beginning, the goal was for
faster cars.

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/
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Learning from Pens

Writing began with feathers or sticks.

In the 19t century, metal point pens
start being used.

Then, BIC introduced the ball point
pen, and it became nearly worthless.

But, Montblanc is well know for their
luxury pens.

There are many other examples (e.g.,
watches) of transforming ordinary
products and services into luxury ones!

(Sutori, 2019)

(PenMarket, 2019)

~oa

(BIC, 2019)

(Montblanc, 2019)



W Terminals

TECNICO
LISBOA

é%'““’“ id

e Terminals are varied, serving different usages and
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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Toujours
plus loin




W What services? (1)
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et | o Mobile 3D Internet:

visualisation of 3D images from a
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)



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

W What services? (2)
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v | o Context aware mobile web:

physical and social awareness of
users’ experience.

e |nteractive context aware games:

games adapted to the user’s
physical environment.

- Ly -
r | | ] ,‘
P [

¥ e Wk i ] B
_44. ' "'..‘ 1 X : ( N

Y ==l | § Bl BEEES

? I = L
i [ -y "x"i !

(tudios, 07

e Augmented and virtual reality:
addition of real and combination
of virtual information to real life

objects.

10 (Spectrum, 2008)




W Information Access
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Se= | o 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.

e Networks need to be prepared
to carry enormous amounts
of information in an efficient
way!

11 (musingsfrommedway, 2010)



W Location Awareness
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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)

e Networks needs to take advantage of terminals as
sensors, so that knowledge about channel quality,
user behaviour, etc., is used!

12


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
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= | o Today’s systems are still based on

a person being the end user.

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

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

(DHD, 1998)

e Differentiation between human
and machine traffic is essential!

13 (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
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Vehicular Communications

e Vehicular communications are a major area under
development:

e vehicle-to-vehicle;

e vehicle-to-infrastructure.

(awe, 2011) (car2car, 2008)

e Vehicles need to be looked at as terminals (e.g.,
multiple antennas)!

e The services on vehicles vary quite a lot!


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

e Several BAN application scenarios are envisaged.

' Wearable PC,
controller or data

aggregator with

= medical implants /
RFID

) wearable sensors or
peripherals

body area network

- on-body

personal area

i network — off-body

(qub, 2011)

e Medical applications are the usual foreseen ones,
but well-being, assisted living, and entertainment
put a lot of many different requirements!



W Current Technology (1)
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(Burton/Motorola, 2006)
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W Current Technology (2)
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(Nike/Apple, 2006)
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(Voltaic Systems, 2006)
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(Ermenegildo Zegna, 2009)
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e Smart Cities are getting a lot of
attention lately, encompassing:

Smart Cities

Public information and training

Emergency warnings

Health, inclusion and assisted living

Intelligent Transportation Systems

Environment, Energy Efficiency, |
and Smart Grids. (Photoaki, 2010)

e The list of potential applications is endless, as is the
variety of requirements!
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Human Service Usage (1)

e Network deployment and management need to
take advantage of human service usage, which is
very much associated with daily activities.
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W Human Service Usage (2)
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e There is a different variation of voice and data
traffic along the day.
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W Human Service Usage (3)
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= | e The type of urban occupation also has influence on

the daily variation of traffic.
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@ Human Service Usage (4)
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W Operators’ Key Problem
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=2 o How to “break the laws of physics”?
4 :
! Traffic Volume
; Dperator Costs — Current Model
E Operator
Voice Dominates ! Ilwgnue
=i h-l

Dperator Revenue
Customers

Data Dominates

Time
25 (Accenture, 2013)




W Current Perspective
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s | o 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)

26


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
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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 Another Perspective
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e John F. Kennedy’s perspective:
“I believe that this nation
should commit itself to
achieving the goal, before
this decade is out, of landing
a man on the moon and
returning him safely to the
Earth.” (1961/May/25)

e The next generation Mobile & Wireless Comm.
systems and networks could be designed from
(generalised) users goals, and not from the

. evolution of current ones.
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Availability?

Latency
Capacity

Data rate
Voice qual. n

1G

The Goal in a Generation!?

Intelligence?  Terminal Sharing?

2G 3G 4G 5G 6G

Generation




W Radio Interfaces Revisited
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Space

Frequency

3G

Code
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W Sure Trends and Challenges

TECNICO
LISBOA

Se= | o A new Radio Interface (back to basics)!

e Use of higher frequency bands.

e |nterference minimised by energy harvesting.
e Adaptive antennas.

e Network virtualisation and slicing, including radio.
e Cloud and edge networking.

e Networks with machine learning features.
e Security and privacy.

e Flexible and adaptive networks.

31



W Regulation & Standardisation
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Cpmea | o Traditionally, Europe has had

an approach to ETS{\(((%))\

standardisation/regulation
different from the US one.

e Federal
(F ('..; Communications

Commission

e Concerning future Mobile &
Wireless Commes., which
bodies should be addressed?

e Standardisation does not
influence basic R&D, but it
definitely guides its results.

&IEEE

32


http://www.fcc.gov/
http://www.ieee.org/portal/site/iportals

W Policy (1)
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Wireless Commes., needs to
interact with other areas
(biology, sociology, psychology,
construction, cars, ...).

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

(PBASE, 2008)

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

STEM CELL
RESEARCH

National Ethics
Committee on
Assisted Human
Reproduction

33 (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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2= | o \Whether we like it, or not, some

policy aspects do need to be
taken into consideration, e.g.,

the possibility of Governments |EeH
having access to data. AN/

e How to comply with the interests
of so many players (telecom
operators and vendors, service
and content providers, banks,
goods distribution, ...), with " s &
different development cycles?

34 (GeeAyBee, 2007)



http://www.interpol.int/default.asp
http://www.fbi.gov/homepage.htm
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W Conclusions
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Ses | o One should analyse the evolution of other

industries in order to take perspectives for the
future of Mobile & Wireless Commes.

e The evolution of services usage and profiles impose
major changes on systems and networks, new
perspectives being required.

e Many research challenges are still open, waiting for
solutions to be found.
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W The End
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Se=¢ | o “| think there is a world market for maybe 5

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.
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Thank youl!

Prof. Luis M. Correia

Tel.: 4351-213 100434
Email: luis.m.correia@tecnico.ulisboa.pt
URL: http://grow.tecnico.ulisboa.pt

Detailed readings can be found at
http://grow.tecnico.ulisboa.pt/research/publications
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