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Outline

e WWRF
e Wireless beyond 2020: Requirements and Challenges

e 3 paradigm shifts to realize 5G
e Technology Trends

e System Concept evolution
\ 5G enabling radio technologies
Ye The way ahead
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WWREF’s role and
mode of operation

e Develop future vision of * Global
the wireless world * Open to all
* Inform and educate on . Not

trends and developments
N e standards body
* Enable and facilitate the

translation of the vision
into reality * Atypical research

conference

* research funding body

h‘\ * Bring a wide range of

parties together to identify
and overcome significant All can attend meetings
roadblocks to the vision and make contributions

Based on membership
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76 member organisations
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e WGA - User Needs & Requirements in a Wireless World
e WGB - Services, devices and service architectures
e WGC - Communication architectures and technologies

e WGD - Radio Comraunication Technologies
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Radio Communications

WIRELESS WORLD

In 2020s become pervasive

Internet of Everything

People to
people (P2P)

People to
machine (P2M)

Business

Machine to
machine (M2M)

[Internet of Everything (credit: Cisco)]

Pervasive Communication Systems
consist of a very large number of
things/devices -often of small size
and/or embedded in the environment-
with computing/communication
capabilities, which are able to

einteract with each other and with
mobile users,

*dynamically form telecommunication
networks,

*probe the environment in order to
adapt and optimize the user QoS, and

*process and transmit/receive large
volumes of data, often under ultra
reliable/low-latency requirements.



Early Iindications and ...

. . WIRELESS WORLD
...high expectations

Mobile Data Traffic by Application Type Offload vs Cellular Traffic

Exabytes per Month
20

W Offload Traffic from
Mobile Devices

@ Other

@ CEncrypted

. Software download
& update

Social networking
@ Web browsing
® Audio
@ video

. Shamg I I
0 _ - .
2010 201 2012 2013 2014 2015 2016 2017 2018 0

2012 2013 2014 2015 2016 2017

W Cellular Traffic from
Mobile Devices

10

Monthly Exabytes (10%)
@

Source: Cisco VNI Mobile Forecast, 2013

Mobile Subscriptions

Mobile Devices Growth

@ Mobile PCs, tablets and mobile routars

@ Smartphones
e U U
son (Jung 2013)

Millions 8.3% CAGR 2012-2017
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CapaCity Scaling WIRELESS WORLD ®
Wlth LUSer demands RESEARCH FORUM

present future




Wireless
connectivity
beyond 2020

“Thingbook”

Smart Grid

Logistics

R

Healthcare: Networking Objects/
Secure Mobility Mobile Monitoring ~ Things 2.0

Automotive &

“Fixed" Computing
(You go ta the device)

Mobility / BYOD
(The device goes with you)

Internet of Things
(Age of Devices)

Internet of Everything
(Peaple, Pcess, Daia, Things)

Doubles every

50B things
(7) years

Doubled every 10B

14 years

v

1995 2000 2011 2020
799 £LUUU FAY FAVAY

Source: Cisco IBSG, 2012




.oris it all about control? wirELESs woRrLD

RESEARCH FORUM

“The Tactile Internet”: Communications at the speed of human senses

1 sec 100ms 10ms Tms

[G. Fettweis, “A 5G Wireless Communications Vision”,
Microwave Journal, Dec. 2012]

5G Ultra Rellable/Low Latency Communications to substitute human senses/intelligence




5G wish list

Traffic volume (x,)

Network cost (y;;

 Ultra-High Capacity: 1000x

/
 Ultra Low Latency: few milliseconds _— Revenue (2)

 Ultra Reliable: traffic safety, health,..

Time

* Energy efficiency

Voice- Data-
dominant dominant

* Flexible/fast deployment and service creation: D2D,
local cashing,..
N &

* New spectrum and spectrum management
. approaches

* Virtualization : ‘Everything as a Service’ (Eaa$S)
- [

') * Sustainable NEW business models and profitability



Paradigm Shift #1 WIRELESS WORLD
Ultra Dense Networks (UDN) RESEARCH FORUM

* Multi- hierarchical

CoMP & v
* Multi- hierarchical
Relaying
* OFDMA
* Advanced antenna technology ‘
(MIMO)
* Relaying
* CoMP

D \ .
* CDMA ' M=
* Power control \ e ‘

* Turbo coding e

% /5‘ Multiuser UDN
multicell
' . optimization
é A Multiuser P
s single-cell
' optimization
* Frequency reuse single-link
* Discontinuous @ single-user
transmissions optimization
* Handover




UDN Landscape
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The UDN Landscape
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A UNIVERSAL INFRASTRUCTURE DIMENSIONING
& RESOURCES MANAGEMENT FRAMEWORK FOR UDNs

Multiple Carriers (1800,2100,

Massive 3.5GHz, ~60 GHz,...)

Infrastructure
Densification

Massive Served Nodes
(UEs, Devices,
Gateways) Population

Large Number of Hierarchies, Communication
Possibilities and Target Applications (HetNets,
M2M clusters, D2D groups)

Link
; Access Link
Mobile-
& Broadband
enabled UE
l? © M2M device
D2D-enabled
device



No-cell (point-to-

UDN system concept:
User-centric or
the disappearing Ce” Decreasing cell sizes g and/orcrtn

D2D/M2M
constructs)

 Multiple Hierarchical Layers

Hierarchical Cell

(l & * Operator/User deployed
\“;

 Scheduled/Random access

* Licensed/Unlicensed bands

* Microwave / mm Wave

Existing cellular bands Higher frequency bands
MHCL‘OCE” (high powergdensity for coverage) (wider bgandwi(dxt]h fo?l‘ﬂgh data rate)
/—u\
Very wide Super wide
(ex. > 3 GHz) (ex. > 10 GHz)
2 GhHz | M ) m—
(example) ﬂ \ ‘M —
3.5 GHz 14
(example)
Wide area




UDN system concept:
M2M over wireless infrastructure

WIRELESS WORLD
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Capillary parts of the network collect data
and aggregate info through the gateways
towards the wireless infrastructure [source: ICT-EXALTED fp7 project, 2011]



Paradigm Shift #2

Universal Resources Management (URM)

({4 1.4
« OFDMA 5G” for
* Advanced antenna 2020
4G  technology (MIMO) AV..
* Relaying RN
* CoMP _’u
i V't, < “Aj
* CDMA L
* Power control [ A , é\ A L
e Turho coding ﬁ‘ I&& —
4

M%'

Single-Cell & Multi-
User Optimization

Multi-Cell & Multi-
layer Optimization

26 4
v

* Frequency
reuse

* TDMA

* Handover

Single-Link & Single-User
Optimization

Coordination

Area

Cooperation

Area
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URM System concept:
Cell-less architecture

100%
Data Rate
100%
Data Rate

100%

Data Rate \>
100% Data Rate
] -

Distributed-Input-Distributed-Output
(DIDO) wireless technology allows each
user to use the full data rate of shared
spectrum simultaneously with all other
users, by eliminating interference.

WIRELESS WORLD

DIDO

Data Center Websites

The Internet

“Distributed-Input-Distributed-Output (DIDO) Wireless Technology
A New Approach to Multiuser Wireless”, a white paper,
Steve Perlman, Antonio Forenza, Rearden Companies, 2011



Paradigm Shift #3
Network Functions Virtualization (NFV)

Data processing
centers

.Multi-cell

processing
center . . .
w7 optimization +
small cells
< ™
/ e ulti-cell
optimization
o P (CoMP)
.Single cell

optimization

Cloud Computing to address
exponentially growing
demand for real-time, reliable
data processing in the loT

WIRELESS WORLD
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Data processing center

NFV

5 X |29

Software Platform
as a Service as a Service 35 a SQTVICQ
Email Application Development Caching
CRM Decision Support Legacy File
Collaborative Web Networking  Technical
ERP Streaming Security  System Mgmt
CONSUME BUILDONIT MIGRATETO IT



NFV System concept:

Virtualization of resources and

networking
SDN
— Structure/ layer the
intelligence

— SDN Controller layer
* Southbound interface
* Northbound interface
* Intelligence within

WIRELESS WORLD

Virtualization of resources
and networklnﬁ functions

— e e e .
= =
—

—

— Functions which can be virtualized

— Functions which should have standardized
interfaces

— Intelligence for optimal configurations
— Cloud-RAN (as an instantiation of NFV)



NFV System concept:
Cloud RAN

Repository: Servers:

BaseBand; Digital Signal Processing; Deployed functional
Medium Access Control; components on the
Networking; Management hysical elements

Cloud-RAN

* Versatile placement of small-sized/light transmission units

» Software components in repositories

* Dynamic software deployment and activation

» Aiming at reducing capital/operational expenditures of operators

* Introducing smart management of available resources i.e. software
components and physical elements

* Interaction with fixed technologies/optics

WIRELESS WORLD



5G Enabling Radio Technology

WIRELESS WORLD

(S b
uper’ MIMO
TR,
Dgsireij Intgrfer?nce _':\.
sigha signals
g . g R.}{l
@ RX,
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Power control to

Very narro
beamforming

----------
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RX,
x RX;

Network MIMO with efficient partitioning

3D MIMO
massive MIMO
advanced RX
non-orthogonal
multiple access
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5G Enabling Radio Technology

Combining scheduled and random

dCCess
- = Pa— _.._x .s.ensr:-rs
e e @
. 3 .
"x,: " y “- pure CSMA

intensity %
region '

WIRELESS WORLD

e Scheduled access is optimized for

22

cellular

Wireless sensor networks use
random access based on contention
(CSMA)

New hybrid approaches (e.g.
Funneling MAC) can offer the
possibility to balance the trade-off
between random and scheduled
access in regions of dense traffic
(closer to a sink node) where
contention-based access becomes
inefficient



5G Enabling Radio Technology
Jointly optimize DoF from WIRELESS WORLD

Cooperation and Coordination with URM

Universal Radio Resources Management

<
R0
/7 g
e 0.@ @7 @)
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Kesso

@—> @ Heterogeneous Terminals Leorraneeened Connectivity Links Cooperation Area
@ - Mobile/Portable UEs of infrastructure elements
[>|<] - M2M devices to the Cloud

Coordination Area
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Initial research results:
1000x Capacity Gain Break Down

e Coordinated Multi-Point Tx/Rx
3D/FD-MIMO

1000x / *  New modulation and/or coding schemes

"""" BETGE ~ Air interface

;. PN  Spectrum *  More licensed and unlicensed spectrum, i.e.,
e - 3.5 GHz, mmWave bands, WLAN@5GHz
« LSA

* Unlicensed spectrum sharing: in 5GHz band,
200MHz spectrum is expected

Heterogeneous nets
Multi-Comm devices
IT for telecom

\ + Cell densification

Device-to-device
+ Interference management
«  WLAN offloading
+ Integrated Multi-RAT operation
« ICT coupling
Q)/ 2000-2010 2010-202x + Measured in bit/s/Hz/m?
ot

To meet the projected 1000x traffic increase by 2020 as compared to today’s traffic
Capacity increase baseline is current deployed technology, i.e., LTE Rel-10

[Source: Intel, Mobile and Communications Group]
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Initial research results: WIRELESS WORLD
Capacity Scaling and URM in UDN

Coordination of Large Ultra-Dense Networks for A, >

Network Capacity Scaling in Densified Deployments ANMUE
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[A. G. Gotsis, and A. Alexiou, “Global Network Coordination in
25 Densified Wireless Access Networks through Integer Linear
Programming”, IEEE PIMRC 2013, London, UK, September 2013.]




5G technology challenges..
..may require a little revolutionary

radio-communications thinking

Distributed Input Distributed Output:
* Network MIMO and partitioning based on ‘effective throughput’
criteria and efficient signaling design

Advance resource management:
e Universal Resources management and large and complex systems
optimization

Balancing centralized and distributed control:
e Virtualization and efficient mapping of physical to virtual resources

P\ New critical scenarios and large dynamic range of requirements:
— e Performance trade-offs assessment
e Not all requirements can be satisfied at the same time!

Evaluate realistic spectrum needs:
o Cater for flexible spectrum use (e.g. ‘Spectrum Access’ networks)
* Explore high frequency (10)566HZ) opportunity




5G on the count of three... WIRELESS WORLD
...paradigm shifts

ULTRA-DER

NETWOR!

"

NETWORK
FUNCTIONS
VIRTUALIZATION

UDN: the new cell-less system concept

DIDO: the new ‘Network’ PHY

URM: the new MAC

Scheduled+random : the new Multiple Access scheme

Cloud empowered centralization: the new virtualized RAN or ‘Eaa$’
Large & complex systems optimization: the new radio engineering
‘Spectrum Access’ networks: the new DSA



WIRELESS WORLD
RESEARCH FORUM®

www.wwirf.ch
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