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 Develop future vision of the wireless world
* [nform and educate on trends and developments

 Bring a wide range of parties together to identify and
h overcome significant roadblocks to the vision
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 Enable and facilitate the translation of the vision into reality
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Global
Open to all

NOT

e Astandard body

e Research funding body

* A typical research conference

Based on membership

All can attend meetings and make
contributions
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WWRF )
Vision in a nutshell (1) 7777 festascn rorun

7 trillion wireless devices
serving 7 billion people
by 2020

e All people will be served with wireless devices
e Affordable to purchase and operate
e Calm computing: technology invisible to users

e Machine to machine communications

e Sensors and tags: e.g. intelligent transport, smart
metering and e-health, to provide ambient
intelligence and context sensitivity

e All devices are part of the (mobile) internet
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Vision In a nutshell (2) S B Foni

Wireless device(s) becomes our interface to the digital world
An ambient life style where

e ...our mobile device becomes the key enabler to interact
with smart environments and users

e ... our mobile guides and supports us against “digital
threats”

Has to be charged once a month only — green technology
Untethered and connected user experience
Ubiquitous service delivery with a consistent user experience

In Other Words:

Wireless — The Way to Future
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Paradigm shifts.... WARELESS WORER

Digital Society

From voice to data
5.5 billion MBB users, 1.5 billion FBB users

I—Sooiety

From pipe to content
all media will be on-line , 750
million connected TV users

From people to machines
50 billion connections (the Internet of
Things)

From CT to ICT
70% of companies (especially SMEs) will
be using Cloud-based services

ICT C
Connected Enabled Digitalized




Communications become
pervasive
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Pervasive Communication Systems
consist of a very large number of
computer-communication devices,
often of small size and/or embedded
in the environment,

which are able to interact with each
other and with mobile users,
dynamically form
telecommunication networks

and probe the environment

in order to adapt and optimize,

in a context-aware fashion,

the networks performance

and the user experience and QoS.
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WWAN: regional, international
(e.g. GPRS, UMTS, HSDPA, satellites)

WMAN: metropolitan area
(e.g. WiMax)

WLAN: campus/office-based
(e.g. WiFi)

WPAN: in-house
(e.g. BT, ZigBee, UWB)
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Small(er) cells

Operator expenditure on small cell infrastructure

(Soue: Rethink Technology Research) Mobile

Opt‘ rator
network

Frequency Division 5

Modulation techniques 5
Access to wider range of frequency spectrum 25
Frequency reuse through more cell sites 1600

11 [Source: Small Cell Forum]



Technology trend#1 &>
Multiple Hierarchical Layers W!RELESS WORLD
architecture or

the disappearing cell

* Multi- hierarchical

* OFDMA

* Advanced antenna
technology (MIMO)
* Relaying

* COMP

*CDMA
*Power control
*Turbo coding

Multiuser

multicell

optimization

Multiuser

single-cell

« Frequency reuse optimization

¢ Discontinuous
transmissions

* Handover

Single link
single-user
optimization
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From Ubiquitous Computing and >
Pervasive Communications B ?S?Eﬁ%EI?FO-I;U@
to the Internet of Things ﬁ

(4} Smart Things

Miniaturization and cost reduction

“The Internet of Things is a description of a
Ubigquitous computing will enable diverse wireless applications, not-too-distant future time, where

including monitoring of pets and houseplants, operation of appliances, , el . O,
keeping track of books and bicycles, and much more. everyday objects, rooT:, and m‘?('klnffs
have sensors and can "communicate

about themselves and with each other.”
(Prof. Elgar Fleisch)

“Things that think want to link”,
Nicholas Negroponte(MIT)




Technology trend#2
Internet of Things or
the disappearing technology

Wireless Sensor Networks interact with
the physical world in the IoT

Potential applications
include:

e Industrial/building
automation

e Smart office
e Smart home
e eHealth

e Environmental
monitoring

» Retail and logistics
* Biometrics for security
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Figure 1 — A new dimension
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address the dynamic, exponentially
growing demands for real-time,
reliable data processing in the
Internet of Things

Mobile i \I

i Cloud Computing is needed to
el
App
Server

¥ |2

- ®

SmS PAAS 1AAS

Software Platform Infrastructure
as a Service as a Service as a Service
Email Application Development Caching
CRM Decision Support Legacy File
Collaborative Web Networking  Technical
ERP Streaming Security  System Mgmt

CONSUME BUILDONIT MIGRATETO IT



Distributed versus Centralized >
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[Source: NSN “Liquid Radio” white paper]
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ne rising Clouds

Add
Intelligence ~  Cloud-RAN

Evolved Packet Core (4G)

Evolved Packet Core (4G)

Intelligence

UMTS/HSPDA (3G) UMTS/HSPDA (3G)

Core Network Core Network

Load Balancer & Switch

Edge Cloud - All Optical
- Fibre 3
J & — A
c - . Add é—(ﬁ/
Intelligence [ Base Stations Intelligence |8 ,/
Small Cells =) A

Base Stations Remote Radio Heads (RHH)

Highly-Distributed High-Centralized

[Source: Intel Heterogeneous Network Solution Brief]
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Prevailing business models? ()
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Killer apps Wireless devices
Download content

by touching
Service Tags!

Your phone Public Transport
is your credit/
debit/prepaid
card!

Industry stakeholders

Transport Health

| Utilities

Information :
Technology




System concept evolution
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Open
Access

Propagation constraints and

lack of coordination create

challenging coverage and \
interference scenarios
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Single Link vs Single Cell vs
Multicell optimization

for peak / average / cell edge rate
{provements
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Cellular network T

Flexible deployment at the
expense of coverage vs

throughput vs delay tradeoff

——" Hot spot (Wi-Fi)



System concept.. >
..on the cloud WIRELESS WORLD —
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Technology challenges >

WIRELESS WORLD

>4 present N future

by — >
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2 Total system capacity S

© Per-user capacity %

© O
Total system capacity
Per-user caj pacity

Node density Node density

Cellular challenges:

e Multiple hierarchical layers and huge number of nodes:
interference management, resources allocation

e Energy efficiency, often too stringent constraints

e Large dynamic range of throughput and delay constraints

, M2M challenges:

®

i

- e Data rates may be rather low but delay sensitivity may vary

, e Security
r * Lack of unified standardization approach



Enablers

Cooperation

downlink
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Promising research directions and ()
critical technology innovations BEIREEE R

Advance resource management:
e Cross layer design
e Scheduled versus random or scheduled+random access?

Balancing centralized and distributed control:

e Centralized deployments with Cloud-based architectures

e Augmentation of the wireless world intelligence with SON
coordination and cognitive networking

Efficient design and use of feedback signalling:
e Hierarchical feedback schemes
e Optimal exchange of contextual information among layers

Virtualization:
e Joint design of the physical and virtual substrates
e Real-time optimization of very large systems
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Conclusions and the way ahead >

WIRELESS WORLD
RESEARCH FORUM

e Design hierarchical coordination and cooperation schemes able to
strike the right balance between interference management and
overhead signalling limitations

e Re-invent the network architecture towards a dense ‘user-centric’
network of low-complexity antenna units empowered by the cloud

e Jointly optimize the access and backhaul part of the network, which
may need to be seen as one merged architecture

e Diminish the need for system planning and configuration phases

e Exploit virtualization principles and benefits
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www.wireless-world-research.org
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WWRF Meetings >
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in 2012/20 13 RESEARCH FORUM

WWRF29 Berlin, Germany 23 - 25 October 2012
Nokia Siemens
Networks N

Hosted by Nokia Siemens Network ﬁﬂ\mum- i

WWRF30 Oulu, Finland 23 - 25 April 2013

B Hosted by University of Oulu, Finland

Workshops on Wireless World 2020

Sept 4t 2012 — Quebec City, Canada
October 24t 2012 — Berlin, Germany
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