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IF YOU DON'T WANT TO WATCH THIS PRESENTATION
JUST KEEP THIS KEY TAKE AWAY
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Evolution Revolution
Driven by communication Driven by communication
needs from humans needs from devices/machines
and vertical industries

4G Tech
Limit

Mobile
Broadband O Extremely Fast

1 Massive Devices & Machines

O Ultra Reliable & Low Latency

Voice&SMS Web
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JUST TO REINFORCE..
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eMBB Extreme Mobile Broadband

mMTC Massive Machine Type Communications



5G WILL BE DIFFERENT

\\

One Size Fits All

1G 2G 3G 4G

I ‘“‘“\\\

Towards BB Multimedia and “All | ”/

Few and uniform use cases
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Real Transformation

i N

~—

Dense, Dynamic, Diversified, Different -

Several use cases

One Size Won't Fit Any
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What is a Wireless

Generation?




WHAT DEFINES A WIRELESS GENERATION? 2

ITU Defines Vision, Requirements,
Basic Use Cases and Spectrum

e.g. 3GPP; IEEE; ...

Specifies
Harmonized a technology
Requirements
PIIY :
Spectrum :
. Submits and
/é zg - 2 > Allocation Demonstrates
Different entities (indus, civil, gov) ’

send proposals for requirements

0 3GPP2 1 NGMN technology [as
- IEEE - SGPPP fulfilling the
0 ETSI O METIS )

. a NYU requirements]

- ARIB ] Many others
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ITU FRAMEWORK OF STANDARDS >

INTERNATIONAL MOBILE TELECOMMUNICATIONS (IMT)

Question: What is ITU’s role in IMT?

Over the last 25 years, ITU has developed the IMT framework of standards — or International Mobile
Telecommunication system — for mobile telephony and continues to lead international efforts involving
governments and industry players to produce the next generation standards for global mobile

communications.

Harmonized 3G: IMT 2000
global mobile

communications 4G: IMT-Advanced
standards 5G: IMT 2020

Ericsson Internal | 2016-09-26 | Page 10



EXAMPLE: 4G (IM”

http://www.itu.int/dms pubrec/itu-r/rec/m/R-REC-
M.1645-0-200306-I!'PDF-E.pdf

" ADVANCED)

\\

s | os | 10s | 20
2G 4G 5G

3G

ITU"R <—

Radiscommunicstion Sactor of ITU

Specifies the requirements for a technology

to be considered [“True”] 4G

]

Recommendation ITU-R M.1645
(06/2003)

Framework and overall objectives of the
future development of IMT-2000
and systems beyond IMT-2000

Maobility

Systems beyond IMT-2000 will encompass
the capabilities of previous systems

New capabilities
of systems beyond

i :)/ IMT-2000

i \ Dashed line indicates
mobile
RS \ that the exact data

rates associated with

N\ systems beyond IMT-2000
(4G) are not yet determined
~
-
3 \  New nomadic/local \‘

area wireless access

2

100
Peak useful data rate (Mbit's)



http://www.itu.int/dms_pubrec/itu-r/rec/m/R-REC-M.1645-0-200306-I!!PDF-E.pdf

LTe AND WIMAX ARe NOT 4G
PCWorld fw

October 2010
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ROM IDG

MEWS REVIEWS HOWO VIDED BUSINESS LAPTOPS  TABLETS PHONES HARDWARE

Home [ Web Apps

4G Defined: WiMax and LTE
Don't Qualify

OOIBO Q@ @ com

By Stephen Lawson, IDG News Service

- o - T
A N4 4410 FhA

If someone is trying to sell you 4G wireless these days, don't believe them.

The truth is, neither WiMax nor LTE (Long-Term Evolution) qualify
as 4G (fourth-generation) tec hnologies, according to the
International Telecommunication Union Radiocommunication
Sector (ITU-R).

SECURITY

IENTS
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LTe-ADVANCED AND WIMAXZ2 AR

January 2012 | ITU designates LTE-Advanced as “True
4G”

By Neal Gompa on January 23, 2012 at 927 am 5 Comments

shiz:es HDEE

Late last week, the ITU (International
Telecommunications Union) finally
agreed on which technologies qualify
for the IMT-Advanced specification.
The ITU has decided that LTE-
Advanced (which is a collection of
standards defined in upcoming UMTS
Releases 9 and 10) and
WirelessMAN-Advanced (commonly
known as WiMAX 2) both qualify and

are officially designated as IMT-Advanced technoclogies.
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IMT 2020 (A.K.A 5G) VISION

Sep 2015

ITU-R
Ratiocommurication Sectar of 1L

\\

Recommendation ITU-R M.2083-0
(09/2015)

IMT Vision — Framework and overall
objectives of the future development of
IMT for 2020 and beyond
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Rec. ITU-R M.2083-0 1

RECOMMENDATION ITU-R M.2083-0

IMT Vision — Framework and overall objectives of the future
development of IMT for 2020 and beyond

(2015)

“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 fo 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.”
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Vvisions
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hose that disappear. They weave
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everyday life until they are
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cMBRIOLOGY AND MORPHOLOGY OF A VISION

! ¢ Networked Society
. 215t Century

252 Smarter Planet

@ Tactile Internet

@ Industrial Internet
_—

el Internet of Everything

@ Internet of Things ( + NSF CPS)
- Ambient Intelligence

Industry 4.0

_ oo GIALS
1
i !
' 80s |
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~1G 3G 4G @ 5G




PDIFFERENT VISIONS, SAME WORLD

SOA&WS w Video, APPs, APls, msging and virtualization explosions

Facebook Mega DCs App Store Cloud
Youtube Web2.0 iPhone  REST APIs Hype

Internet of ! Future X

Everything Smarter 50b@2020 | Networked Internet of Tactile Network
Report

Planet Vision i Society Everything Internet

“When : I r-:mcssun I m

Everything
» T ! i Industrial
Connects i Industry 4.0 Int t
— | nterne ey

y : Industrial |
- =
i ‘~,‘ =
— \.

Knee of exponential

e 1 SUSTAINABLE .'P"
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| -
Blended Vision Enfm'

[utopian flavor]

Networked Society

Living in a Smarter, Sustainable Planet

Enabled by Intelligent and

Cognitive Technologies




Networked everything
Networked society

Ericsson Ir]

\\




‘ANYTHING THAT
BeENcrFITS FROM
BEING CONNeCTeD
WILL Bt
CONNeCTeD”
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Wireless Evolution




WIRELESS GENERATION LADDER

2G

All Circuit Switching

1990 1993 1996 1998;

2.75
EDGE+

2.5
EDGE

2.25
GPRS

2.0

GSM

9.6 40 100K 384
Kpbs Kbps Kbps Kbps
CHCSSUIL Herial | £ZU10-UY-£0 | rFaye 2o
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[1 Recortar shde

Technology Lifecycle

Concept Stage Development Stage

r Trough of S| {Enli Plateau of
ted . ope o ghtenment
Expectations Disappointment Producﬂvltyv

KEYSIGHT

TECHNOLOG!
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456G & 5.5G NeeDeD TO UNDERSTAND 56
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5G Use
Cases &
Requirements

(AVAY

26¢%
RoX

| Use Cases and
v alrea Scenarios

A A




2000 2010

\\

2020

3G 4G 5G
mmmm Tl 17 18 19 20 21 22

r N
L'I'E [ I.'I'E-A | lLTE-A Pro] “5G ZONE”

- 3.256 3.56 srsc | [ 4250 @4756
WCDMA  HSDPA HSUPA LTE + SAE Y )
' IMT2020 SK IMT2020
Vision Winter Spec
Games
Tokyo
WRC15 WRC19 | olympics

00 01 02 [03 [04 105 [06 |07 [08 [09 |10 [11 112 [13 [14 [15 |10 EENEENECHECNEHNES
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STANDARDIZATION IS A LONG PROCESSES >
YearY Year Y+N

m Rel R+1 Rel R+2 Rel R+3 Rel R+4 Rel R+5

: : Even
| Study/Feas Working Basic Further Further

Item Item Support Enhacements — g0 cements

Enhacements
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5G WILL Be MUCH MORe COMPLEX

AND LESS TIME TO DEVELOP STDs

\\

Complexity and

5 G diversity of

requirements

<—— 15 Years > < 12 Years > e 8 Years ——> |
. Develop Development
. ment of . Ol R
. Vision | """“29,1_@7

.-

Develop | Developmnnt
ment of :

Vision | IMT-MV.M

W
G)

CD

0evclopm¢nt'
IMT-2000

) ) . 2 )
: ‘ : : :

1985 2000 2003 2012 2015 2020 ~

5Q Adopted IMT-2000 IMT-2000 IMT-Advanced “IMT-2020" “IMT-2020"
FPLMTS M.1457 Vision M. 2012 Vision M.[TBD]
S , M.1645 ~IMT-2020+ M-[IMT.VISION)
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Vision Start Vision Start



THE TYRANNY OF LEGACY

2000

Global Mobile Subscribers and Market Share by Technology

— September 2015
HSPA G ;
29% 7.3 Billion mobile
2 Billion Subscriptions subscriptions
worldwide
TD-SCDMA GSM
3%
195 Million Subscriptions 51%
3.7 Billion
Subscriptions
CDMA
5% The number of
351 Million Subscriptions

mobile-connected
devices surpasses
the number of
people on earth.

LTE

12%
908 Million Subscriptions

Other = 6.4 Million Subscriptions ‘,

amerca, W
www.dgamericas.org

Source: September 2015

Ericsson Internal | 2016-09-26 | Page 30

4500
4000
3400
3.000
200
2000
1500
1000

500

5.3 Billon
Subscriptin

8.5 Billion
Subscrglians

07 208 2013 7020

2005 2016

00 200 2002 2003 2014

Data Source: &w 2004 Estimates




=
>

Ericsson Internal | 2016-09-26 | Page 31



\\

5G MAIN DRIVING FORCES

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

Ericsson Internal | 2016-09-26 | Page 32



2007: THE UNEXPECTED HAPPENED &

EXAMPLE: 4G (IMT ADVANCED)

14.1645-0-200206-|! IPDF-E pcf -

W

Specifies the requirements for atechnology
E—t
!T.H:Bu to be considered [“True”] 4G

June 2003
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4G was defined before 1Phone,
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.
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MOBILE DATA TSUNAMI

92% CAGR 2010-2015

6.3 EB

2015

Terabytes per Month
6,000,000

Global Mobile Data Traffic, 2010 to 201
3,000,000
0.6 EB

2.2EB
. l
0.24 EB
Ly

2010 2011 2012 2013 2014
Source: Cisco VNI Mobile, 2011
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HOURS OF VIDEO UPLOAD!

# Hours / Minute Uploaded

50

2005 2006 2007 2008 2009 2010 20-11
Founded l/ !

Acquired by Google (1.6 BUSD)
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GROWING DEMANDS AND EXPeECTATIONS
3G 4G Start 4G 5G Start 5G

2000s 2010s 2020s

oo 01 02 03 04 05 06 O7 08 09 10 111 12 13 14 15 16 17 18 19 20 21 22 23 24

\\

iPhone 1 billion 3.2 billion
Smartphones | | | New requirements,
Subseripfions 2007 2012 2015 demands and
expectations
YouTube 5 50 500 from users,
Hours/min uploaded video |nd ustr|es and
Facebook 20m 500m 1.5b society
Users
WhatsApp 10m 1b
Users
loT Dev - 50b
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VATICAN CITY 2005 =




VATICAN CITY 2013 zZ




=VIDI

=NC

= AT&T WIR

FROM AT&T ANNUAL REPORT 2015

100,000%

INncCrease

in AT&T

2007 2008 2009 2010 2011 2012 2013 2014
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wireless data traffic

=55 DATA TRAF

T
®.
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iIPhone +
AppStore +
Netflix + Youtube +
Messaging =

Explosion
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Wireless Races




ACTUALLY A NEVER-ENDING RACE Z

3G 5 4G | 5G

Research | Research | Research
i wl e a°

e & 3

FRAMES g WINNER METIS % I

FP3 FP4 FRS FP6 FP7 Horizon 2020

- > - - - : - - - > - —
+ ——— ——+— ———————+—+ —-
1990 2000 2010 2020
2G i 3G § 4G

Deployment Deployment Deployment
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5G G

O

BAL INITIATIVES / RA

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

GA Summary of Global 5G Initiatives FINAL.pdf

i
4G Americas’ Summary
of Global 5G Initiatives

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

5G R&D Activities — pre-standardisation (examples) .

\\

China: International Mobile
Telecommunications IMT-2020 (5G)
promotion assocation ¢stablished in
February 2013,

America: 4G Americas: Recommendations on
5G Requirements and Solutions” published on
Qct 2014

Japan: Fifth
Generation Mobile
Communications
Promotion Forum
(SGMF), since
September 2014 has
- been participated n
“, \'J by 60 companies as

Europe: European Commission 5G-Public
Private Partnership (5G-PPP) establshed in
2013

/ Global: International

Telecommunications Union (ITU)

and 3" Generation Partnership A :u":‘ ::'ad“‘g" 3
Project (3GPP) look to spectrum

aliocation and technical i Korea: 5G Forum of Korea published "2015 5G White Q‘m- /
standardisation of 5G. Paper”, including -~

+ 5G New Wave towards Future Societies in the 2020s
+ 5G Vision, Requrements, and Enabling Technologies
\- 5G Spectrum lssues in Korea )

Next Generation Mobile Network
(NGMN) Alliance released whae
\ paper at MWC 2015 Barcelona
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5G eUROPEAN INITIATIVES

- FP 7 ICT
e (2007- 2015 **)

— Horizon 2020 (FP 8)
N

{2014 — 2020)

é =@ METIS

SGPPP and Horizon 2020 are just starting
and both programs will support / fund
many projects.

COMBO

** FP7 runs from 2007 => 2013, but that is for when the project must
start for FP7 funding. Projects approved late in the cycle will continue
through 2015. The FP7 projects noted in this paper all started >= 2012.

2012 2014-2015 2020
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H2020 5GPP CALL 1 PROJeCT

() Research projects
() Innovation projects

Bulding an Inteligent System of Framerwork for SELForganzed network Comvergad Heterogencous Advanced
Insights and Action for 5G Network management in virtuslized and 5G Cloud-RAN Architectur e for
Management software debinad NETwarks inteligent and Secure Media Access
s&muom VirtuWind a
Superfluidity: a 5GEx Virtusl and programmable ~ SONATA
super-Buid, cloud- 5% Exchange industrial network prototype Service Programmang and
native, converged Orchestration for Virtualized
edge system

_ METIS-HI
Maoble and wirebess communications

Infarmation Sagetyd!

Enabiers for Twenty-twenty (2020)

Coomaedcoinolmdsmun 5G-Norma
management for 5G heterogeneous 56 NOvel Rad! Mdtl o
tw BER
radio dress networ ks adaptive network Architecture

SPEED-5G
quakty of Service Provision and capacity
Expansion through Extended -DSA for 5G

MI'ASIIC-SG
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PAN )

3GPP RAN 5G Workshop, 17.-18.9.2015

)

- Dynamically Reconfigurable Optical-Wireless
Backhaul/ Fronthaul with Cognitive Contral
Plane far Small Calls and Cloud-RANS %

Xhaul

The 5G Integrated franthaul/backhaul
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Ericsson (ERIC) Will Lead METIS-II EU Project for 5G Deployment

NGOG Stock Quotes (1) Comments (o)
July 9, 2015 7:12 AM EDT

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 Il 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 [T = CONTINU
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Consortium

® o IDATL
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5G Requirements,

Use Cases and
Scenarios




THREE MAIN BASIC SCENARIOS (ITU) 2

» Enhaced Mobile Broadband
»Massive Machine Type Communications

»Ultra-Reliable and Low Latency Communications
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EIGHT MAIN PARAMETERS (ITU)

Peak data rate g = s
0 Peak data rate o i
1 User experienced data rate
 Spectrum efficiency At —
Q Mobility (km/h) s ) 55 Aty
d Latency (ms)
d Connection density (devices/sq km) .
Q Energy efficiencly . ...
1 Area traffic capacity (Mbps/sq m) B =
e

M.2083-03
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High Performance
and Capacity
Requirements

\\

Conflicting

Requirements

Efficiency, Cost,
and Availability
Ericsson Internal | 2016-09-26 | Page 51 ReqUirementS



High Performance MTC/loT Public Safety
Scenarios Scenarios Scenarios
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Simply not
possible with a
single technology
standard or
network.



Eric

GSMA Intelligence Understanding 5G

Delay
Aummmous Augmented Tactde
Ims driving Realit internet
10ms Disaster Real time @ Multi-person
alert gaming video call
Automotive Bi-directional
ecall remate controlling
100ms i. Device
remote First responder
controlling connectivity
1,000ms ‘ . @ .Wsrelessdoud
. cloud
Monitoring
sensor networks streammg S
<1 Mbps 1 Mbps 10 Mbps 100 Mbps >1Gbps  throughput
Services that can be delivered Fixed Nomadic On the
by legacy networks ‘ @' . go
Services that could be 2o

Figure 1: Bandwidth and latency requirements of potential 5G use cases
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NGMN 5G REQUIREMENTS AND

— N —
USE CASES

\\

g e erapne o hieadhard
WA ereARen

A Deliverable by the NGMN Alliance

NGMN 5G WHITE PAPER

next generation mobile networks

Broadband access

in dense areas

PERVASIVE
VIDEO

Broadband access
everywhere

50+ MBPS
EVERYWHERE

Higher user
mobility

HIGH SPEED
TRAIN

Massive Internet
of Things

SENSOR
NETWORKS

Extreme real-time
communications
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TACTILE
INTERNET

Lifeline
communications

NATURAL
DISASTER

Ultra-reliable

Broadcast-like

communications services
E-HEALTH BROADCAST
SERVICES SERVICES
I 1 ;

Figure 1: 5G use case families and related examples



Hugo Tullberg, Encsson 5G archltecture METIS and 5G PPP
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The 5G Network is not a replacement.

It is a revolutionary enhancement.
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What will it be? (Courtesy of METIS):

Amazingly fast focusing on high data-rates for
future mobile broadband users — Speed: 10 Gbps
Great service in a crowd focusing on mobile
broadband access even in very crowded areas and
conditions — Multiplying Coverage/Cells

Super real-time focusing on new applications such
as augmented reality and tactile feel for virtual
realities calling for stringent requirements on
latency - 1 msec Latency

Ubiquitous things communicating focusing on
efficient handling of a very large number of devices
with widely varying requirements, Mobiles, M2M,
Internet of Things - >30 Billion Devices

Low cost, low energy -~ Operators need to make it
more efficient and cost effective

Page 7
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Numerous 5G use cases from different sources {g}
METIS IT

EU projects

» 21 use cases from METIS-I

» B use cases from S5GNOW

» 10 use cases from COMBO

» 7 use cases from MIWEBA

» 5 use cases from MAMMOET
» 9 use cases from MOTO

» 9 use cases from TROPIC

» 4 use cases from iJoin

Standardization bodies and fora

25 use cases from NGMN
59 use cases from 3GPP

ITU-R also proposes a
number of use cases

4G Americas, ARIB, etc.

There is a need for a consolidation of use cases into a small number of representative ones

Ericsson Internal | 2016-09-26 | Page 60
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Objectives of METIS-Il WP1

»  Refine the 5G scenarios that have been defined in the METIS project:
— taking into account recent activities by bodies such as ITU-R or NGMN,

— and in discussion with other 5G-PPP phase 1 projects.

»  Generate from the refined scenarios a low number of precise 5G use cases

— that are suitable for usage in 5G standardization
— define corresponding KPIs and requirements

»  Perform a gualitative and quantitative techno-economic feasibility assessment

— to determine whether the 5G scenarios and use cases can be feasibly addressed by different
5G RAN design concepts developed in METIS-II.
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Technical Corner -

Key Problems




Capacity & QoE

THE MOTHER TROUBLE OF ALL TECHNIQUES

Peak Performance

SNR and interference
decreases capacity
dramatically

Average
Performance

Ericsson Internal | 2016-09-26 | Page 63 Cell Center

Single car in cell

No noise nor
interference

Several cars in cell

Interference and noise (non-
linear, non-intuitive )

\\

Clean Signal

Interference Noise
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L] download.keysight.com/CDI/IEEE_5G_Tutori

X

Building an intuitive understanding of cellular performance
Variation of throughput across a cell in a loaded network

Throughput occupied |  Peak | Average | Cell Edge | Raw Peak/
Format Bandwidth | (Single user) | (10 usersicell) | (10usersicell) | edge ratio*
GSM (1 slot) (10
et fiog reuse =) 1 MHz 9.6 kbps 9.6 kbps 9.6 kbps 1
GPRS (4 slot) 4 MHz 81.6 kbps 50 kbps 36.2 kbps 2.3
EDGE (4 slot) 4 MHz 236.8 kbps 70 kbps 36.2 kbps 6.5
UMTS (Rel-99) S MHz 384 kbps 100 kbps 30 kbps 12.8
HSDPA (Rel-5) 5 MHz 3.6 Mbps 250 kbps 80 kbps 45

HSDPA (Rel-7)
HSDPA (Rel-8)
LTE (Rel-8) 4x4

LTE-A (Rel-10) 4x4

5 MHz

20 MHz

42 Mbps
84 Mbps
300 Mbps
600 Mbps

350 kbps
800 kbps
5.34 Mbps
7.4 Mbps

120 kbps
240 kbps
1.6 Mbps
2.4 Mbps

187

250

* Ratio can be reduced at expense of cell capacity with proportional fair scheduling and fractional frequency reuse

] 5G from Jan 15, 2015
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Building an intuitive understanding of cellular performance
Speed versus capacity

At what average speed does the capacity (i.e.
cars per hour) of a typical road reach its peak?

This result is not immediately obvious
10 mph ?  put we can understand it.  d

’ i r 40 moh ? The reason is that the
i relationship between the
speed v and the safe
70 mph ? distance d is non-linear.

100 mph ? So operating at speeds above 40 mph
is good for some but reduces capacity

1000 mph? Capacity will only increase with a new
control system like driverless cars

This has been the case oy .
since motoring began!  J| In cellular “d” equates to interference

Principle: Top speeds grab headlines
' - Capacity generates revenue

\\
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Eric

AMPLE 5G ReLAT

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

sson Internal | 2016-09-26 | Page 68
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CHNOLOGIES

Advanced Multi-carrier Transmission
Small Cells and HetNets

Flexibility of Core and Access Deuv.
SDI: SDN, NFV, SFC, Slicing

Cloud, MEC, CORD

ICN / CCN, NDN

D2D/MTC/CelloT Communications
Efficient small data transmission
Cognitive Radio and Networks

120+ other tech topics (METIS)



Perfomance in al
Capacity/m? Officad

AT | Current

:

Spectral

‘/r Performance
Efficiency /' Network
De

nsification

——

Spectrum Extension
MIMO
COMP

64 QAM

Relay
Carner Aggregation

HelNel

New Carrier Type Small Cells

Spectral Efficiency:
Factor 5

N

shectrum Extension.

Factor 20

Network Densihication

Factor 50

Officad: Factor 2

Overall Gain

Fig. 2. Degrees of freedom for areal capacity increase.

10.000
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Sample Topic

Modulation & Waveforms



\

SAMPLE TOPIC = MODULATION FORMATS 2

There are many factors to consider when evaluating new modulation formats
« Spectral efficiency (For large & small packets e.g. M2M or control plane)

- LEIIEFIE}' Filtered Multicarner Systems
« Compulational complexity ool ;

« Energy efficiency - pJ / information bit " -: EEEE: ; .

» Adjacent channel performance for co-existence asssaseua,

* Synchronization requirements S .

« Implementation costs
» Resistance to narrow and broadband interference

New formats being studied include:

FBMC - Filter Bank Multi Carrier

UFMC - Universal Filtered Multi Carrier

GFDM - Generalized Frequency Division Multiplexing
BFDM - Bi-orthogonal Frequency Division Multiplexing
FQAM - Frequency Quadrature Amplitude Modulation
NUCs - Non-uniform constellations

Loy A om | 2o |

55 o) oy
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FBMC is an alternative approach to OFDMA since it has a higher spectral efficiency

FBMC uses common FDMA without subcarrier overlap while lack of sidelobes allow
increased spectral efficiency.

input | [ cyelic channeﬁ X Comparing OFDM and FBMC

Prefix

Sub-channel frequency response
OFDMA o OFDM
: e : T g i Fth'EPa NL E A speciium of an OFDM subchannel (during & single bit)

input IFFT 5 Dlglta! channel , oj *

Filters 5

0.2 : f\v/\\/ \//\\v/"‘\
filter bank oLt 4 9 ]
\ FBMC j ——= No sidelobes with the filter bank

——= ho cyclic prefix : increased spectral efficiency

Picture source: FBMC physical layer — principle by
Maurice Bellanger, Phydyas

... m{eXplanoTech

© eXplanoTech Ltd. - www.explanotech.com - training@explanotech.com 10
Explaining Technology
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SelTeR THAN OFDM, RIGHT?

[ ;WM&'#‘).w,;uWﬁr e MWM'

1001 pts 1.0 MH2z
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ﬁ FBMC Merits(Advantages)

+ Provide spectrum efficient and more selective system
« CP(Cyclic Prefix) is not needed

+ Provide robust narrowband jammers

FBMC Demerits/Challanges

« The development of MIMO based FEMC is very limited and is non-trivial.

« to design wider BW and higher dynamic range system will have more challenges in achieving RF
performance
« More complex as compared to OFDM. It infroduces overhead in overlapping symbols in the filter bank(in

time domain).
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Sample Topic

5G Spectrum & Wireless Access



3GPP 5G RATs

3GPP 5G RAT(s) = LTE Evolution + New RAT

Q 5G RATs %

Backward Compatible RAT Non-backward compatible RAT
(LTE Evolution) (5G new RAT)
lower frequencies(<6GHz) Whole 5G spectrum range
1GHz 3GHz 6GHz 10GHz 30GHz 60GHz 100GHz
< > < -
WRC 15 WRC 19

China Acagemy of Telecommunication Technokogy - - 5

Internal | 2016-09-26 | Page 76
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5G SPECTRUM

1 GHz 3 GHz 10 GHz 30 GHz 100 GHz

+ + @ @

Lower frequencies for full-area coverage... ...complemented by high frequencies
for extreme capacity and data rates
In dense scenarios



5G SPECTRUM - OVERVIEW

Overall 5G solution Different detailed solutions

T~ depending on frequency

R L2 T it
ackwards e W R Z m I No compatibiiity
compatible [ LTE evolution ] < Tight interworking z New RAT e ) constraints
N
Gradual migration
‘ into existing spectrum
Existing spectrum New spectrum

EAB 14068423 | Commercial mconlidence | @ Encsson AB2014 | 2014-11-18 | Fage 7
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5G WIRELESS ACCESS

> 5G radio access

— A set of technologies jointly fulfilling the
“5G” radio-access requirements specified
by ITU]

» Beyond 2020 network

- Beyond 2020 network - - - -

5G radio access

_“J[ mMmm-wave aCCess

(
!
|
!
|
!
|
!

LTE 5G cellular access

— Seamless integration of 5G radio access, IJIJ l
other 3GPP accesses and WiFi

'

ifi]

Other 3GPP access
|

WiFi

2010
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Sample Topic

5G Architectures / Slicing



56 ARCHITECTURE =

4 D a
Devices/loT Industry

Management & Control

Access/Mobility Network Applications

Cloud/DC Infrastructure

source: Ericsson



ONe NETWORK -
MULTIPLE INDUSTRIES

BARARE

Several Network Slices

ource: Ericsson W.P. on 5G Systems



4G Network: communication service 5G network: all mobile services via all types of devices
via phones in the communication across all industries
industry
Service/Device Service/Industry
Communication service
(voice, text and Internet)

Maobile Broadband | i m;"‘:m' :

~20Gbps o et
q 7} ogistics,

g === 4G network Massive loT p BJ o 5G network Agriculture,
200,000/Km Climate

Mission-critical loT <=5
1ms
lhuw?

Multiple 5G netwaorks ? X Network Slicing !
cation, Interne ~ .
~ Mobile Broadband 5lice-" -
i) oglstics, ) Massive loT Slice S
QY Aricuiture, Massive loT L# - — Agriculture,
iClimate Mlission-critical laT Slice Climate
o
-~

Ericsson Internal | :
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@ »coess e .caommoemge&mm W evonking noge .'.Pmotaoe

This figure shows 5G network slices implemented on the same infrastructure.
(Source: NGMN 5G White Paper)

+ Network Slicing: Multiple independent and dedicated wirtual sub-networks (network iInstances)
are created within the same infrastructure to run services that have completely different
requirements for latency, reliability, throughput and mobility.



CURRENT MOBILe COR

MME: Mobility Management Entity

S-GW: Serving Gateway

PDN: Packet Data Network Internet
PCRF: Policy & Charging Rules function

HSS: Home Subscriber Server
Ericsson Internal | 2016-09-26 | Page 85
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* A single network architecture
for multiple services

* Mix of control and use plane
functions

* Appliance-based realization

=

h

* Difficult to customize
e Scalabllity issues

=




-rLeXIBLE CORe ARCHITECTURE

\\

« Separation of control and user-
plane functions

Chain

* Decompose core functionality into

IP services

granular functions
network
* Virtualize network functions o

« Customize realization per * Selective scaling
service/slice « Utilize Cloud Environment
* Centralized control functions « Flexible placement of functions

Source of fig.: Ericsson Review on 5G Core Flexibility



ugo Tullberg, Ericsson, 5G architecture, METIS and 5G PPP

56 NETWORK ARCHITECTURE

Common Common 5G core functionality
5G management

and transport Connectiviy Common network
Network integrated : ~, | 1 functionality
services

;4

Network enablers
and optrmezabhons

Service centric Flexible deployment Common toolbox

5G radio access Legacy RATs Fixed access

One network
(Seamiess mobility, common
resources m;magamom : ((( ))) A
> ’ - = A
p —~
ﬁ

5G ‘mmW" access ""..'
- .

T ——— e —— e — e S ——————

3 G 1Q G 0 Gz 100 GMz

(-

5G "cellular” a« Coss

L e e———

} P ) 1222/17:33 = e
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Cloud technologies together with software-defined networking (SDN) and Network Functions
Virtualization (NFV) provide the tools that enable architects to build systems with a greater degree
of abstraction = which enhances network flexibility. Cloud, SDN and NFV technologies allow
vertical systems to be broken apart into building blocks, resulting in a horizontal natwork
architecture that can be chained together = both programmatically and wirtually = to suit the
services being offered and scaled.

Network service catalog
Metwork service templates:

Service I Health )
orchestration sl Bi‘irj

Raobotic communication ?

[Premium communicaton g
o J
]

l M ebwork SE:"EEE“ J
oy !

actuatar

Mobile broadband Laglcal
basic
S networks
ﬂ Seniice composition :I
l ) ] l | : ) |

Physical resources

onviruslized Virkine ik Citalong Il.lﬂlu.i:,ll:ulzh!|II 55 i:.l:-r1l'|nl:'|:lil.ril‘,r compuling, slorage...) ]

resources Control User plane : : :

funciions functions .
Y ™ Hf

Figure 3 Service craation using nefwork sices.

\\



PHASED FUTURE ACCESS AND CORE
APPROXIMATE DATES - SPECULATIVE

Phase 1

2018 - 2020
N

New 5G RAT
" Stand alone 4
] )

Integration of
. RATs 4
4 N

eEPC
L >
;" 0
| No5G New Core

_ y,

Phase 2 Phase 3
2020 - 2025 ; 2025

-

\®

New 5G Core (Phased)

~N

7

-

) [ “Full 5G” replaces }

New RATs, mm eLTE

I
1 Ericsson Internal | 2016-09-26 | Page 89
I

3\ !
Coexistence [ Start 5.5 G... J

Increased SDI, programmability, flexibility

\\

2026

6G
becomes

hype...



SUMMARY: 5G AN UMBRELLA OF TECHNOLOGIES

Cloud
SDN D2D

NFV

MIMO  M2M
SFC ubDenSs LTE-A PrO'l' o “mMTC

: WiFi
R New Spectrum G P

GIRIR:ENGY | icensed and unlicensed New RAT? .
cm/mm wave —

7

One Network,
Flexible, Sliced

J
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KeY TAKEWAYS

ENVIERIOLOGY AND MORPHOLOGY OF AVISION 2

fl' Hasemriad oo ity
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Tt Infereat
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™ Dby

EMclency, Coat,
ang Avaliabity
Requlraments

Capacity & QoE
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A SeLr-GUIDED TOUR TOWARDS 5G UNIVERSE

MWC 2016

https://www.youtube.com/watch?v=x|B-zwDiet4 UIfE, SaraM

Johannesberg Summit
https://www.youtube.com/watch?v=6oqgUa kW73E Sara Masur Increasing
https://www.youtube.com/watch?v=9NwDEzumkUQ Erik Ekkuden

technical
Amazon — Look inside content
https://www.amazon.com/Fundamentals-Mobile-Networks-Jonathan-Rodriguez/dp/1118867521
https://www.amazon.com/5G-Mobile-Wireless-Communications- v

echnology/dp/1107130093/ref=pd_sim_14 2?ie=UTF8&psc=1&refRID=43KXKPA4VJOSI7H7F5XA

Ericsson White Papers

https://www.ericsson.com/res/docs/whitepapers/what-is-a-5g-system.pdf
https://www.ericsson.com/res/docs/whitepapers/wp-59.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.4qgamericas.org/files/2414/4431/9312/4G Americas 5G Technology Evolution Recommendations - 10.5.15 2.pdf
http://lwww.4gamericas.org/files/7814/4606/7589/4G_Americas_5G_Spectrum_ Recommendations White Paper-2015.pdf
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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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