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Turk Telekom Group R&D
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EU Projects in Numbers
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Contribution

NetWorld2020 — Steering Board Member

5G PPP — Steering Board Member

[ Y

Celtic-Plus — Core Group Member

\, S

ETNO — R&D Member

NEM — Steering Board Member
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Why New Generation?

Re-
organization of
core network

Better Wireless

Ready
Market
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Mobile Core Network

DAY WA
True Global
Harmonization

DATA: All IP Network, Convergence

MIMO, OFDMA, SDR, Spectrum Sensing

500 km/hr

Internet

Voice + DATA: Perfect Roaming, Global Radio, High
Speed

CDMA Reuse 1 and Turbo Coding

Voice: Roaming, Global, Dijital, Start of Data

Low Cost DSP and FEC

Voice, Analog, No Roaming

1G
1981
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Data Tsunami when?

New Applications New Devices l

[ User Experience

ducation Augmented Reality

 Medical  Sensor Fusion
Social and Gaming 4K Video
Social Media  Context Aware
3D Imaging Advertising

@ 5000MHz

Required
spectrum

D

317MHz

2012 0.3Mbps 4984/km? 1.2 15% 0.26Gbps/km?
2016 4 Year [2.ombps 5191/km? 1.4 20% 4.2Gbps/km? 16X
2020 4 Year 3ombps 5477/km? 1.7 25% 69.8Gbps/km? 16X-
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5G will redefine everything...

Human Centric
Sensing and
Communications

Internet of
Things

Autonomic Cloud
Communications Networking

Nano-scale Situation Smart Grid

Networking Management Communications Social Networks

Vehicular New Fiber and Visual Light
Networks Cable Communication
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5G started in European Union

= EU started 5G Public Private Partnership Association in order to define 5G business requirements
architecture, standards and research.

, technical

http://ec.europa.eu/research/press/2013/pdf/ppp/5g factsheet.pdf

5G-ppp.eu
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Networld 2020 & 5G PPP

Note: The Association will be bound by the
terms of the Members Agreement, which
makes sure that the decision taken by the
-Association is in line with the decision takén by
the bodies of the NetWorld2020 ETP

PPP Contract
Horizon 2020

30 ETP SB

Member Agreement
(Section 4.3.5)

-

ETP SteeringBoard

Election by
General Assembly

~ ™

ETP General
Assembly
ETP Members
- v,
NetWorld2020 ETP

Netl'Works governance model (Section 4.4)
Current version at. hitp . /Awww. networks-

icle 19 in
egulation)

5G Infrastructure Association

\

etp.eu/fileadmin/user_upload/About_Networks
Qvemancewb del_2009-06_pdf /

European Commission

Grant Agreement per project

| .
( Steering Board Coordinators

Technology Board
@ Project 2 @: Project N

Cross Issues Active PPP Projects

5G PP initatve

Consortium Agreement per project signed by all project partners
SG Infrastructure Collaboration Agreement across all projects in all Phases
and signed by all partners (Sections 3.4 and 4.5)

http://new-etp.eurescom.eu/




The Killer Tech

The spectrum crunch is a recognized issue driving 5G.

This trend is a result of the data demand
outstripping wireless transmission capabilities
where the major limitations stem from the
limited available spectrum in the preferred
frequency range below 10 GHz. It is inevitable
that the solution will involve the use of radio
spectrum beyond 10 GHz.

3G was looking for

the “killer App”.

Then came the
smartphone with
“The App”

= In this context, there have been emerging
activities around mmWave communication,
tera Hertz communication, visible light

. communication, or ‘Li-Fi’.
anq SG IS NOW = Underpinning all of them are large scale
looking for “The MIMO systems.

Killer Tech” to avoid
the “killed App”.
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5G Tech?

Advancement in Wireless Technologies

e Better technology than OFDMA

e Full Duplex Transmission

e Milimeter Wave & Terra Hertz Communication
e Visual Light Communication

e Device to Device

Re-organization of core network

e SDN + NFV

e Dynamic Spectrum Usage
Small Cells and HetNets
Intelligent Video Deliver
Vehicular Communications

Internet of Things
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Prospective 5G Technologies

Non-Orthogonal Filter Bank Millimetre
Multiple Access Multicarrier frequencies/
(NOMA) (FBMC) waves

3D Massive Cognitive radio Super wideband
MIMO spectrum sensing spectrum

Smaller cells and Multi-technology
ultra dense Carrier
HetNets Aggregation
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Possible 5G Use Cases

Augmented
Reality

Stadium

Shipping Interactive Social

ElR=Te =N Logistic HD TV Gaming

Virtual Wireless Vehicular

Reality Cloud Office Telematics Real 3D

5 . 15
High Speed M E Multi User
Train Telepresence
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Coverage and Capacity

GSM/ (DM

Capacity

UMTS/EV-DO

LTE
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Densification

25
20x X
More spectrum
New RF 1G 2G
technologies
. FDMA TDMA
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Where is 5G?

Visual Light Communication

Wave(l::tge:S Microwave. Infrared Visible Ultraviolet Gamma Ray
103 102 105 5x100 108 10-10 10-12
Buildings Humans HoneyBee Pinpoint Protozoans  Molecules Atoms  Atomic Nuclei
Frequency
(Hz)

104 198 10%2 1015 1016 1018 1020

Up to now at most 6GHz - 30GHz to 300GHz — Millimeter Wave

3.5GHz=5GHz=>10GHz=20GHz =60Hz ===
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Next steps after OFDMA

Multi-technology carrier aggregation
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Millimeter Wave
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SDN — Software Defined Networking

Internet will be redefined....

e Routing, Multicasting, Naming, Addressing, TCP over Wireless, Mobility,
Multi-homing, Flaws in Security

Splits
Data &
Control
Planes

GETGITET

Packets IN Packets OUT

API

SDN Transport Network — Distributed Intelligence
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Visual Light Communication

1. PHY
* Data rate granularity
* Complexity / Power
efficiency / performance
trade-off

2. Optical Circuits
*  Optical subsystems
* Analogue LED driver
electronics
* ADC/DAC solutions
* Automatic gain control

3. MAC
* Duplexing
* Diversity / link blockage ]
¢ MIMO / beamforming _
* Interference mitigation | < N
* Mobility support g
* Relaying \ L X
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Dynamic Frequency Auction

Public Small Cell Defense LTE Home
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THANK YOU'!

mustafa.ergen@turktelekom.com.tr



