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Contribution 

NetWorld2020	  –	  Steering	  Board	  Member	  

5G	  PPP	  –	  Steering	  Board	  Member	  

Cel9c-‐Plus	  –	  Core	  Group	  Member	  

ETNO	  –	  R&D	  Member	  

NEM	  –	  Steering	  Board	  Member	  
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5G	  
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Why New Generation? 

BeWer	  Wireless	  
Re-‐

organiza:on	  of	  
core	  network	  

Ready	  
Market	  

:mes	  more	  traffic	  
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Mobile Core Network 

2020	  

Voice,	  Analog,	  No	  Roaming	  

Voice:	  Roaming,	  Global,	  Dijital,	  Start	  of	  Data	  

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

DATA:	  All	  IP	  Network,	  Convergence	  

DATA:	  	  
True	  Global	  

Harmoniza:on	  
Internet	  
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Low	  Cost	  DSP	  and	  FEC	  

CDMA	  Reuse	  1	  and	  Turbo	  Coding	  

MIMO,	  OFDMA,	  SDR,	  Spectrum	  Sensing	  	  
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Data Tsunami when? 

Year	   Speed	   Popula9on	   Device	   Usage	   Required	  Capacity	  
2012	   0.3Mbps	   4984/km2	   1.2	   15%	   0.26Gbps/km2	  
2016	   2.9Mbps	   5191/km2	   1.4	   20%	   4.2Gbps/km2	  
2020	   30Mbps	   5477/km2	   1.7	   25%	   69.8Gbps/km2	  

317MHz	  	  

5000MHz	  
Required	  
spectrum	  

LTE	  –	  A	  	  500m	  radius	  –	  London	  

16X	  
16X	  

16X	  

4	  Year	  
4	  Year	  

User	  Experience	   New	  Applica:ons	   New	  Devices	  

Source:	  InterDigital	  
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5G will redefine everything... 

Autonomic	  
Communica:ons	  

Cloud	  
Networking	  

Human	  Centric	  
Sensing	  and	  

Communica:ons	  

Internet	  of	  
Things	  

Nano-‐scale	  
Networking	  

Situa:on	  
Management	  

Smart	  Grid	  
Communica:ons	   Social	  Networks	  

Vehicular	  
Networks	  

New	  Fiber	  and	  
Cable	  

Visual	  Light	  
Communica:on	  
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5G started in European Union 

!  EU started 5G Public Private Partnership Association in order to define 5G business requirements, technical 
architecture, standards and research.  
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hWp://ec.europa.eu/research/press/2013/pdf/ppp/5g_factsheet.pdf	  

5G-‐ppp.eu	  



Networld	  2020	  &	  5G	  PPP	  
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The Killer Tech 

3G	  was	  looking	  for	  
the	  “killer	  App”.	  	  

Then	  came	  the	  
smartphone	  with	  

“The	  App”	  	  

and	  5G	  is	  now	  
looking	  for	  “The	  

Killer	  Tech”	  to	  avoid	  
the	  “killed	  App”.	  	  

12 

!  In this context, there have been emerging 
activities around mmWave communication, 
tera Hertz communication, visible light 
communication, or ‘Li-Fi’. 

!  Underpinning all of them are large scale 
MIMO systems. 

This	  trend	  is	  a	  result	  of	  the	  data	  demand	  
outstripping	  wireless	  transmission	  capabili:es	  
where	  the	  major	  limita:ons	  stem	  from	  the	  
limited	  available	  spectrum	  in	  the	  preferred	  
frequency	  range	  below	  10	  GHz.	  It	  is	  inevitable	  
that	  the	  solu:on	  will	  involve	  the	  use	  of	  radio	  
spectrum	  beyond	  10	  GHz.	  	  

The	  spectrum	  crunch	  is	  a	  recognized	  issue	  driving	  5G.	  	  
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5G Tech? 

Advancement	  in	  Wireless	  Technologies	  
•  BeWer	  technology	  than	  OFDMA	  
•  Full	  Duplex	  Transmission	  
•  Milimeter	  Wave	  &	  Terra	  Hertz	  Communica:on	  
•  Visual	  Light	  Communica:on	  
•  Device	  to	  Device	  

Re-‐organiza:on	  of	  core	  network	  
•  SDN	  +	  NFV	  
•  Dynamic	  Spectrum	  Usage	  
•  Small	  Cells	  and	  HetNets	  
•  Intelligent	  Video	  Deliver	  
•  Vehicular	  Communica:ons	  
•  Internet	  of	  Things	  
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Non-‐Orthogonal	  
Mul:ple	  Access	  

(NOMA)	  

Filter	  Bank	  
Mul:carrier	  
(FBMC)	  

Millimetre	  
frequencies/

waves	  

3D	  Massive	  
MIMO	  

Cogni:ve	  radio	  
spectrum	  sensing	  

Super	  wideband	  
spectrum	  

Smaller	  cells	  and	  
ultra	  dense	  
HetNets	  

Mul:-‐technology	  
Carrier	  

Aggrega:on 	  	  

Prospective 5G Technologies 
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Smart	  
Sensors	   HD	  City	   Augmented	  

Reality	   Stadium	  

Emergency	   Shipping	  
Logis:c	  

Interac:ve	  
HD	  TV	  

Social	  
Gaming	  

Virtual	  
Reality	  

Wireless	  
Cloud	  Office	  

Vehicular	  
Telema:cs	   Real	  3D	  

High	  Speed	  
Train	   MirrorSys	   Mul:	  User	  

Telepresence	  

Possible 5G Use Cases 
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Microcell 

Femto Cellular Broadcast 

Picocell 
WiFi 

Nano 

Milimeter Wave 
Hotspots 

Ultra-dense 

D2D 

Coverage and Capacity 

2000x 
cell 

25x 
More spectrum 20x 

New RF 
technologies 

1G	   2G	   3G	   4G	  

5G	  

TDMA	   WCDMA	   OFDMA	  FDMA	  

Densifica9on	  

Ca
pa

ci
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Where is 5G? 

	  	  

30GHz	  to	  300GHz	  –	  Millimeter	  Wave	  Up	  to	  now	  at	  most	  6GHz	  

Visual	  Light	  Communica9on	  

3.5GHz"5GHz"10GHz"20GHz "60Hz """	  

Antenna	  Size	  

Picture	  Source:	  InterDigital	  
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Non-‐Orthogonal	  Mul:ple	  Access	  (NOMA)	  

Filter	  Bank	  Mul:carrier	  (FBMC)	  

Millimetre	  frequencies/waves	  

3D	  Massive	  MIMO	  

Cogni:ve	  radio	  spectrum	  sensing	  

Super	  wideband	  spectrum	  

Mul:-‐technology	  carrier	  aggrega:on	  

Next steps after OFDMA 

IC	  
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Millimeter Wave 
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SDN – Software Defined Networking 

Internet	  will	  be	  redefined....	  
• Rou:ng,	  Mul:cas:ng,	  Naming,	  Addressing,	  TCP	  over	  Wireless,	  Mobility,	  
Mul:-‐homing,	  Flaws	  in	  Security	  

Picture	  Source:	  InterDigital	  
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Visual Light Communication 

1.   PHY	  
•  Data	  rate	  granularity	  
•  Complexity	  /	  Power	  

efficiency	  /	  performance	  
trade-‐off	  

2.   Op9cal	  Circuits	  
•  Op:cal	  subsystems	  
•  Analogue	  LED	  driver	  

electronics	  
•  ADC/DAC	  solu:ons	  
•  Automa:c	  gain	  control	  

3.   MAC	  
•  Duplexing	  
•  Diversity	  /	  link	  blockage	  
•  MIMO	  /	  beamforming	  
•  Interference	  mi:ga:on	  
•  Mobility	  support	  
•  Relaying	  
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Dynamic Frequency Auction 

Public	   Small	  Cell	   Defense	   LTE	   Home	  

On	  demand	  Frequency	  
Auc:on	  



THANK	  YOU!	  
mustafa.ergen@turktelekom.com.tr	  


