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Before someone asks…

Do we 

(really ) 

need 5G?
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Yes!
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2G
1990

3G
2000

4G
2010

Evolution
Driven by communication 

needs from humans

Revolution

Driven by communication 

needs from devices/machines 

and vertical industries

If you don´t want to watch this presentation
Just keep this key take away

Voice&SMS Web
Mobile

Broadband  Extremely Fast

 Massive Devices & Machines

 Ultra Reliable & Low Latency 

2020

4G Tech

Limit
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Extreme Mobile Broadband

Massive Machine Type Communications

Ultra-Reliable and Low Latency

Just to reinforce…
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5G will be different

Towards BB Multimedia and “All IP”

5G

One Size Fits All

One Size Won´t Fit Any

Few and uniform use cases

80s 90s 00s 10s 20s

1G 2G 3G 4G

Dense, Dynamic, Diversified, Different

Several use cases

Real Transformation
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What is a Wireless 

Generation?
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What defines a wireless generation?

ITU-R
Harmonized

Requirements

Spectrum

Allocation

Different  entities (indus, civil, gov)

send proposals for requirements 

ITU Defines Vision,  Requirements,

Basic Use Cases and Spectrum

Entity

ITU-R

Certifies the 

technology [as 

fulfilling  the 

requirements]

Submits and 

Demonstrates

Specifies 

a technology

e.g. 3GPP; IEEE; …

 3GPP

 3GPP2

 IEEE 

 ETSI

 TIA

 ARIB

 4G Americas

 NGMN

 5GPPP

 METIS

 NYU

 Many others
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ITU framework of standards

3G: IMT 2000

4G: IMT-Advanced

5G: IMT 2020

00s 10s 20s

3G 4G 5G

Harmonized 

global mobile 

communications 

standards 
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Example: 4G (IMT Advanced)
http://www.itu.int/dms_pubrec/itu-r/rec/m/R-REC-

M.1645-0-200306-I!!PDF-E.pdf

June 2003

(3G)
(4G)

90s 00s 10s 20s

2G 3G 4G 5G

Specifies the requirements for a technology 

to be considered [“True”] 4G

http://www.itu.int/dms_pubrec/itu-r/rec/m/R-REC-M.1645-0-200306-I!!PDF-E.pdf
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Lte and wimax are not 4G

October 2010
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Lte-advanced and wimax2 are 4G

January 2012
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Imt 2020 (a.k.a 5g) vision

“This Recommendation defines the framework and overall objectives of the 

future development of International Mobile Telecommunications (IMT) for 2020 

and beyond in light of the roles that IMT could play to better serve the 
needs of  the networked society, for both developed and 

developing countries, in the future.

In this Recommendation, the framework of the future development of IMT for 

2020 and beyond, including a broad variety of capabilities associated with 

envisaged usage scenarios.”

Sep 2015
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Visions
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1991

The father of all visions
His ubiquitous computing vision is still evolving



Ericsson Internal  |  2016-09-26  |  Page 17

Embriology and morphology of a vision

Industrial Internet

Networked Society

Internet of  Everything 

Tactile Internet 

Industry 4.0 

21st Century
Smarter Planet

80s 90s 00s 10s 20s

Internet of  Things ( + NSF CPS)

Ambient Intelligence 

Ubiquitous Computing 

1G 2G 3G 4G 5G
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2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

Industrial 

Internet
Industry 4.0

Internet of

Everything

Tactile 

Internet 

Networked 

Society

Internet of

Everything

Report

Smarter

Planet
50b@2020

Vision

Future X

Network

Complex Adaptive 

Behavior is needed

“When 

Everything

Connects”

Different visions, same world

iPhone

App Store

REST APIs

Facebook

Youtube

SOA&WS 

Mega DCs

Web2.0

Video, APPs, APIs, msging and virtualization explosions

Knee of  exponential

Cloud 

Hype

5G

Vision
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Networked Society

Living in a Smarter, Sustainable Planet

Enabled by Intelligent and 

Cognitive Technologies

[utopian flavor]
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“Anything that 
benefits from 

being connected 
will be 

connected”
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“Anything that 
benefits from 

being connected 
will be 

connected”
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Wireless Evolution
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2G
All Circuit Switching

3G
Voice Circuit Switching

Data Packet Swtching

4G
All Packet Switching

5G
Everything connected

Diversified use cases

1990 1993 1996 1998 2000 2003 2006 2008 2010 2013 2016 2018 2020 2023 2026 2028

2.75 3.75 4.75 5.75

2.5

EDGE+

3.5

Rel 8

LTE 4.5

Rel 15

Pre-5G 5.5

2.25

EDGE

3.25

Rel 7

HSPA+ 4.25

Rel 13

LTEAPro 5.25

2.0
GPRS

3.0
Rel 5

HSDPA 4.0
Rel 12

HetNet 5.0
GSM Rel 99

WCDMA

Rel 10

LTE-A

9.6 
Kpbs

40 
Kbps

100 K
Kbps

384 
Kbps

384 
Kbps

7 
Mbps

42 
Mbps

300 
Mbps

1
Gbps

1
Gbps

3
Gbps

5
Gbps

+10 
Gbps

Wireless generation ladder



Ericsson Internal  |  2016-09-26  |  Page 24

4.5G: The foundation of 5g edifice

5G Edifice
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4G

3.75G

5G
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4.5G 5G 5.5G

4.5G & 5.5G needed to understand 5G

Use Cases and 

Scenarios
Part 

already 

here

Part 

only 

here

5G Use 

Cases & 

Requirements
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00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22

Rel 9 Rel 8 Rel 10 Rel 11 Rel 13 Rel 14Rel 12Rel 99 Rel 4 Rel 5 Rel 6 Rel 7 

2000 2010
2020

3.75G 4G 4.25G 4.5G 4.75G3.5G3.25G3G

WRC19

Rel 15 Rel 16

IMT2020 

Spec

Tokyo

Olympics

IMT2020 

Vision

LTE + SAEHSDPA HSUPAWCDMA

3G 4G 5G

Rel 17

WRC15

SK 

Winter 

Games

00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22
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Rel R Rel R+1 Rel R+2 Rel R+3 Rel R+4 Rel R+5

Study/Feas

Item

Working

Item

Basic 

Support
Enhacements

Further 

Enhacements

Even

Further 

Enhacements

Standardization is a long processes

Year Y Year Y+N
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3G

4G

5G

15 Years 12 Years 8 Years

Complexity and 

diversity of  

requirements

5g will be much more complex
And less time to develop stds
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The tyranny of legacy
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Why 5G?
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 Explosions in smartphones, video&mobile broadband, APPs and APIs 

 Massive growth in number and diversity of connected things; 

 Industry 4.0; Industrial Internet, Smarter Planet; Dig Transformation ; Networked Society; 

 Increased Automation and Smart Technologies, from devices to cities. 

 New users: increased ICT literacy, aware, conscious, much higher expectations and demands

 Traditional Telcos threatned by OTTs; growing demands for efficiency, agility and flexibility

 Energy efficiency and sustainability demands

 Softwarization of ICT networks (SDE) and complexification of OAM / MANO

5G main driving forces
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4G was defined before iPhone,

APPstore, Youtube and Facebook. The

demands on the network from these

innovation was beyond anyone´s

imagination.

As the new demands materialized,

several improvements were being proposed,

but they many times added new functional

components and complexity to existing

components.

2007: The unexpected happened
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Mobile Data tsunami



Ericsson Internal  |  2016-09-26  |  Page 35

2008 2010 2012 2013 20142009

300

5

Hours of video uploaded per minute

200720062005
Founded

Acquired by Google (1.6 BUSD)

2011

50

100
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2000s 2010s 2020s

00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

Growing demands and expectations

iPhone

2007 2012

1 billion

2015

3.2 billion

5 50 500

20m 500m 1.5b

10m 1b

Smartphones

YouTube

Facebook

WhatsApp

Subscriptions

Hours/min uploaded video

Users

Users

3G 4G 5G

New requirements, 

demands and 

expectations

from users, 

industries and 

society 

4G Start 5G Start

IoT Dev 50b
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Evidence: At&t wireless data traffic
From AT&T annual report 2015

iPhone +

AppStore +

Netflix + Youtube +

Messaging =

Explosion
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Wireless Races
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Actually a never-ending race

3G

Research

4G

Research

5G

Research

2G

Deployment
3G

Deployment

4G

Deployment
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http://www.4gamericas.org/files/2114/0622/1680/2014_4

GA_Summary_of_Global_5G_Initiatives__FINAL.pdf

5g global initiatives / race

http://www.4gamericas.org/files/2114/0622/1680/2014_4GA_Summary_of_Global_5G_Initiatives__FINAL.pdf
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NYU

WRI
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5G european initiatives
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H2020 5gpp call 1 projects
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Ericsson continues to spearhead 5G system development as coordinator of the new METIS-II EU project to develop the overall 5G radio system 

design and roadmap recommendation for 5G standardization. 

On a strategic level, METIS-II will provide the 5G collaboration framework within the 5G Infrastructure Public Private Partnership (5G-PPP) for a 

common evaluation of 5G radio access network concepts and a recommended 5G spectrum roadmap. It will also lead to the preparation of 

concerted actions toward regulatory and standardization bodies.

The project centers on a strong international consortium, consisting of 23 partners from all regions with strong 5G R&D initiatives (China, the EU, 

Japan, South Korea and the US) and involving most of the major international vendors, major operators, and key researchers.

As the main driver and coordinator of the METIS-II project together with the global consortium, Ericsson will integrate technologies into a radio 

access design and provide a platform for concerted actions toward regulatory and standards bodies. The METIS II project will leverage the success 

of METIS, the first integrated 5G project also driven and coordinated by Ericsson.

In addition, Ericsson will take the lead as the technical coordinator of the mmMAGIC (Millimetre-Wave Based Mobile Radio Access Network for 

Fifth-Generation Integrated Communications) project. This project will develop and design new concepts for mobile radio access technology for 

deployment in the 6-100 GHz range.
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Metis II – continued leadership 
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5G Requirements, 

Use Cases and 

Scenarios
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›Enhaced Mobile Broadband

›Massive Machine Type Communications

›Ultra-Reliable and Low Latency Communications 

Three main BASIC scenarios (ITU) 
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 Peak data rate

 User experienced data rate

 Spectrum efficiency

 Mobility (km/h)

 Latency (ms)

 Connection density (devices/sq km)

 Energy efficiencly

 Area traffic capacity (Mbps/sq m)

eight main parameters (ITU)
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High Performance 

and Capacity 

Requirements

Efficiency, Cost,

and Availability  

Requirements

Conflicting

Requirements 

Weeks
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High Performance

Scenarios

MTC/IoT

Scenarios

Public Safety 

Scenarios
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Simply not 

possible with a 

single technology 

standard or 

network.
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5g
USE CASES

SMART VEHICLES,

TRANSPORT 

BROADBAND AND  MEDIA 

EVERYWHERE

SENSOR NETWORKS

HUMAN MACHINE 

INTERACTION

CRITICAL CONTROL

OF REMOTE DEVICES

CRITICAL SERVICES AND 

INFRASTRUCTURE CONTROL
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Ngmn 5g requirements and use cases
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Technical Corner –

Key Problems
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C
a

p
a

c
it

y
 &

 Q
o

E

Single car in cell

Cell Center

Cell 

Edge

Several cars in cell

SNR and interference 

decreases capacity

dramatically

Peak Performance

Average 

Performance

No noise nor 

interference

Interference and noise (non-

linear, non-intuitive )

Interference Noise

Clean Signal

The mother trouble of all techniques

Cell 

Edge



Ericsson Internal  |  2016-09-26  |  Page 64



Ericsson Internal  |  2016-09-26  |  Page 65



Ericsson Internal  |  2016-09-26  |  Page 66

Densification makes life harder
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THE vanishing cell concept
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 Massive, MU and FD MIMO, 3D BF

 Centimeter and Millimeter Waves 

 Ultra-desnification

 New Waveforms and Modulations 

 Wireless backhaul/access integration   

 Spectrum Aggregation and Sharing; L&U

 Multi-RAT Integration and Mgt

 Advanced Internode/cell Coordination

 Advanced Interference Management

Sample 5G related technologies

 Advanced Multi-carrier Transmission

 Small Cells and HetNets

 Flexibility of Core and Access Dev.

 SDI: SDN, NFV, SFC, Slicing

 Cloud, MEC, CORD

 ICN / CCN, NDN

 D2D/MTC/CelIoT Communications

 Efficient small data transmission

 Cognitive Radio and Networks

 120+ other tech topics (METIS)



Ericsson Internal  |  2016-09-26  |  Page 69



Ericsson Internal  |  2016-09-26  |  Page 70

Sample Topic

Modulation & Waveforms
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Sample topic – modulation formats
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OFDM

FBMC
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Fbmc better than ofdm, right?
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Well…
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Sample Topic

5G Spectrum & Wireless Access
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5G spectrum - overview
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› 5G radio access
– A set of technologies jointly fulfilling the 

“5G” radio-access requirements specified 
by ITU]

› Beyond 2020 network
– Seamless integration of 5G radio access, 

other 3GPP accesses and WiFi

5G Wireless Access

203020202010

Other 3GPP access

WiFi

mm-wave access 

5G radio access

Beyond 2020 network

LTE 5G cellular access 
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Sample Topic

5G Architectures / Slicing
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5G architecture

Transport

Access/Mobility Network Applications

Cloud/DC Infrastructure

Management & Control

Industry

Clouds
Devices/IoT

source: Ericsson



Ericsson Internal  |  2016-09-26  |  Page 82

One network –
multiple industries

@

Several Network Slices

source: Ericsson W.P. on 5G Systems



Ericsson Internal  |  2016-09-26  |  Page 83



Ericsson Internal  |  2016-09-26  |  Page 84



Ericsson Internal  |  2016-09-26  |  Page 85

Current Mobile Core Architecture 

• A single network architecture 

for multiple services

• Mix of control and use plane 

functions 

• Appliance-based realization 

• Difficult to customize 

• Scalability issues

S-GW

MME HSS

PCRF

PDN

GW

MME: Mobility Management Entity

S-GW: Serving Gateway

PDN: Packet Data Network 

PCRF: Policy & Charging Rules function

HSS: Home Subscriber Server

Internet
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Flexible core architecture

• Separation of control and user-

plane functions 

• Decompose core functionality into 

granular functions  

• Virtualize network functions

• Customize realization per 

service/slice

• Centralized control functions 

• Selective scaling 

• Utilize Cloud Environment  

• Flexible placement of functions
Source of fig.: Ericsson Review on 5G Core Flexibility
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New 5G RAT

Stand alone

Integration of 

RATs

eEPC

No 5G New Core

New 5G Core (Phased)

Coexistence

“Full 5G” replaces 

eLTE

Start 5.5 G…

New RATs, mm

Phase 1

2018 - 2020

Phase 2

2020 - 2025

Phase 3

2025
2026

6G 

becomes 

hype…

Phased future access and core
Approximate dates - speculative

Increased SDI, programmability, flexibility
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LTE-A Pro+
WiFi

integration

New RATs

Cloud
SDN

NFV

D2D

M2M

mMTC

MCC

SFC
mMIMOuDense

MEC New Spectrum
Licensed and unlicensed

uReliabe

One Network,

Flexible, Sliced

Summary: 5G an umbrella of technologies

eLowLatency

cm/mm wave
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Key takeways
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MWC 2016  
https://www.youtube.com/watch?v=xjB-zwDiet4 UlfE, SaraM

Johannesberg Summit
https://www.youtube.com/watch?v=6oqUa_kW73E Sara Masur

https://www.youtube.com/watch?v=9NwDEzumkUQ Erik Ekkuden

Amazon – Look inside

https://www.amazon.com/Fundamentals-Mobile-Networks-Jonathan-Rodriguez/dp/1118867521
https://www.amazon.com/5G-Mobile-Wireless-Communications-

echnology/dp/1107130093/ref=pd_sim_14_2?ie=UTF8&psc=1&refRID=43KXKPA4VJ0SJ7H7F5XA

Ericsson White Papers
https://www.ericsson.com/res/docs/whitepapers/what-is-a-5g-system.pdf

https://www.ericsson.com/res/docs/whitepapers/wp-5g.pdf

4G/5G Americas White Papers 
http://www.4gamericas.org/files/2714/1471/2645/4G_Americas_Recommendations_on_5G_Requirements_and_Solutions_10_14_2014-FINALx.pdf

http://www.4gamericas.org/files/2414/4431/9312/4G_Americas_5G_Technology_Evolution_Recommendations_-_10.5.15_2.pdf

http://www.4gamericas.org/files/7814/4606/7589/4G_Americas_5G_Spectrum_Recommendations_White_Paper-2015.pdf

A self-guided tour towards 5G universe

Increasing 

technical 

content

https://www.youtube.com/watch?v=xjB-zwDiet4
https://www.youtube.com/watch?v=6oqUa_kW73E
https://www.youtube.com/watch?v=9NwDEzumkUQ
https://www.amazon.com/Fundamentals-Mobile-Networks-Jonathan-Rodriguez/dp/1118867521
https://www.amazon.com/5G-Mobile-Wireless-Communications-echnology/dp/1107130093/ref=pd_sim_14_2?ie=UTF8&psc=1&refRID=43KXKPA4VJ0SJ7H7F5XA
https://www.ericsson.com/res/docs/whitepapers/what-is-a-5g-system.pdf
https://www.ericsson.com/res/docs/whitepapers/wp-5g.pdf
http://www.4gamericas.org/files/2714/1471/2645/4G_Americas_Recommendations_on_5G_Requirements_and_Solutions_10_14_2014-FINALx.pdf
http://www.4gamericas.org/files/2414/4431/9312/4G_Americas_5G_Technology_Evolution_Recommendations_-_10.5.15_2.pdf
http://www.4gamericas.org/files/7814/4606/7589/4G_Americas_5G_Spectrum_Recommendations_White_Paper-2015.pdf
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Questions




