E

UNIVERSITY of OULU

OOOOOOOOOOOOOO

WIRELESS G
OLUTION |iN TA EF
OND FROM

MUNICATIONS™E

€ LESS COMMUI
1 NIVERSITY OF OU&
. |

Markku Juntti

Department of Communications Engineering (DCE)
Centre for Wireless Communications (CWC)

e g s o University of Oulu oo

"ag  Unwersy of Gy ‘ INFOTECH OULU




26.11.2013 2

Outline

Where was wireless in 1994/957?

What has happened since then

What are the challenges now?

My perspective and view
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Where was wireless in 1994/19957

« 2G GSM taking over 1G analog
3G was a research item

* Wireless dominated by voice
— SMS was probably poorly known for most
people
— Data services almost non-existent
o« 2G+ / GPRS was still to come
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Potential Research Topics in 1994/1995
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—— 1 6 band Wireless Access over the Years
. ; | CWC Perspective
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First Cognitive
network phone
call utilizing 4
network
technologies

laboratory
2004

WCDMA

de Band CDMA 'I;u _em for UM phone Ca" test
1995 platform
1990 1995 1999 2003 2008
Q@ Q@ @ @ >
* Since 1991 several targeted CDMA-technology projects for mobile telephoh
(TEKES, NMP, NTC)
*1994 VALDE HW-demonstrator was completed (NMP, NTC, lImavoimat, 3G-LTE
Elektrobit), deliveries to Nokia, Finnish Air Force and CWC IMT- Advanced?
*1994 NMP produced first CDOMA mobile phone for North American market and
standard(IS-95)
Eventual

#1995 Spread spectrum ased radio channel HW emulator became a product sta?ld:ra(lj 3G
(Elektrobit Oy), first deliveries to Nokia, Finnish Airr Force and CWC . generation

*1996-1999 CWC participated together with NOKIA in FRAMES-project which
eventually produced the European proposal for 3rd generation mobile
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Short Range Communications and Sensor Networks
UQulu / CWC Perspective

A
IEEE802.15.3a
| 004 ! 2009
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- Medical~ICT and |
\WBAN research

NOKIA launched Wibree ongomg

technology 2007,
days Bluetogth LE

IEEE802.15.3
essential patent
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Where Is the wireless and ICT now and
after ten more years?

e Wireless more and more Wotd oo P

- Population 7.2 Billion 7.6 Billion
. EAGJ?:IarTS]IeVCia services °°;::°kf 500 Milion 125 Bilion 25 Billon 50 Billon
e Smart cities and . . . .
environments, internet of
things (loT) or connected
objects
» Significant energy/power R,
and bandwidth efficiency o ElEd » .
Improvements required son___ '. '. R
« Also totally new N e o

applications, e.g., medical

.
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Smart Cities and Environments
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Medical Communications

Access PointWi re I ess

Database
ofthe

nursing
staff

Link A2: body-ap to room-ap,
MACand PHY accordingto
the |[EEE 802.15.4a standard

Wireless Body Area Network
MACand PHY accordingto
the |EEE 802.15.6 standard

Access Point

(1)

Access Point

 Dependable dense WBAN & WSN networks’ performance

e QOverall access from WBAN to database connection
 On-body and in-body communications & antenna

* Industrial sensor networks & _mlcl)_bile_ robotics " *® "% ° ¥
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Nanoscale Communication and
Algorithms

« Nanoscale communication devices,
protocols and networks, e.g., for in-body
communications
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Billions of Wireless Devices and Sensors

WAy * 90% of global population has wireless
— connectivity. ~5B Mobile subscriptions in

Bl vas lotnd) N \ 201 0

* 100,000 phone masts erected annually

» 294 million consumer electronics devices
with Wi-Fi shipped in 2007—1 billion by
2012

* Billion of smart dust / sensors:

- Cisco 2009: Planetary Skin—integrate
sensors on land, in sea, in air, and in
space to help make it possible to see the
‘whole picture” when it comes to the

> effects to and changes in the environment

- HP 2010—"Central Nervous System for
the Earth” CeNSE. 10-year mission to
embed up to a trillion push-pin-sized
nanoscale sensors and actuators around

the globe
Source: Cisco IBSG, UN: International Telecommunications Union, Real-Aliens.Com 2006-2011 EE EHE ENC BEE E BN
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What i1s needed from 5G then?

 More spectrum
o Better air interface and network technologies

 New approaches for energy/power
consumptions

* Innovative approaches for data
collections/transmissions

 Heterogeneous and dense networks, small
cells
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Possible Current Research Topics
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My Five Cents for a Doctoral Student

Fundamentals (math, physics) get never
outdated

Software and programs important
Think across the layers and out of the box
What are the requirements of the application?
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THANK YOU FOR YOUR ATTENTION!
ANY QUESTIONS?
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