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The Simple Formula

1T+1+1=11T->11+11"1

NNNNN



The revolution

Technological Revolution (def):

Interconnection of new systems and technologies + capacity to profoundly transform economies & society

Tech. Revolution

Enabling Technology

Connectivity

3

Financial (1600 - 1740)

1st Industrial (1780 — 1840)

24 Industrial (1880 - 1920)

Scientific-Technical (1940 - 1970)

Information (1985 - 2015)

Automation of Everything (2015 -)
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Stocks & Bonds

Steam Engine & Iron Production

Steel & Chemicals

Analog & Digital Signal processing

The Web, Cloud computing & Mobile
devices

Digital interfaces & Data analysis

Banking & Stock Market Infrastructure

Rail and Shipping Networks

Extended Transportation Networks
Electricity & Telecom Networks

Digital Communications Networks

Internet & Broadband Access

Future X Network
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The quest for digital value (1/2)
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1870-1920 1920-1970 1970-2014
(1.0) -
m Output per person m Output per hour

Source: Robert Gordon, The rise and fall of American growth (adapted by Mark Gordon, Chief Economist, E&Y)
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The quest for digital value (2/2)

Settings

M Lowestimate [ ] High estimate
Size in 2025'

$ billion, adjusted to 2015 dollars

Total = $3.9 trillion—11.1 trillion Major applications

@ ))) Human

170-
1,590

Monitoring and managing iliness, improving
weliness

Home

Energy management, safety and security,
chore automation, usage-based design of
appliances

200-
350

E-

Retail
environments

Automated checkout, layout optimization,
smart CRM, in-store personalized
promotions, inventory shrinkage prevention

110-
1,160

Offices

Organizational redesign and worker
monitoring, augmented reality for training,

180 energy monitoring, building security

==l
?

Factories

Operations optimization, predictive
maintenance, inventory optimization, health
and safety

Waorksites

Operations optimization, equipment
maintenance, health and safety, loT-
enabled R&D

-

Vehicles

Source: McKinsey Global p—

210-
740

Condition-based maintenance, reduced
insurance

Institute, The Internet of
Things: Mapping the Value

Public safety and health, traffic control,
resource management

1,660

’

Beyond the Hype, June 2075

Logistics routing, autonomous cars and

850 trucks, navigation

m
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The end and the beginning

Past/Present Future
Solutions Technology-driven Human/Business-driven
. Driver Consumer (GB) Industry (BW, Latency, SLA)
Business
Innovation Speed Per decagle per day
(new services) (new apps)
Architecture Heavily Centralized (100ms, 10M) Massively Distributed (1ms, 1G)
Qo Limited Large
Technology Aledeflidy (Provisioned) (Software definable)
Sharin Static and Limited Dynamic and Infinite
. (HW VPNs ) (SW Slices)
Investment Singular Multiple & Cooperative
(Operator only) (Many contributors/new players)
Industry
Dynamic Standards Definitive lterative

Partnership

Limited w/APIs

Co-design w/Open specs
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The new digital era

Q
203589, o
Digitization, delivery & g,ugo@”% Digitization, distribution
sharing of: e 0O & optimization of:
°
100,000 - 4.3 ZB/Yr
0,000 1 Connected .
§0,000 - Everything+ Enterprises
40,000 Contextual & Verticals
22,400 PB/No — Automated
17,400 - 010 2011 2012 2013 2014 2015 Experiences
12,400 -
7,400 1 ‘ ULTRA HD
2'530 - - w . . -
2,080 + 005 2006 2007 2008 2009 2010 E*lmtagmm
1,580 4
N 2.6 ZB/Yr
o | | 0 O
o] PB/Mo s | —_— il Ug 8K Video +
:: | 2001 2002 2003 2004 200 facebook Cloud Hosting Consumers
w | User-Generated
1 = amazoncom Content
020 PB/Mo 7 ebay ’
- . . s g ter bwitber
0.15 4 5 1996 1997 1998 1999 2000 aBitTorrent-
o Google ‘ 1.0 ZB/Yr
0.05 8 @ *
0.00 + = - — v
1990 1991 1992 1993 1994 1955
g Mosaic
1990 1995 2000 2005 2010 2015 2020
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Latency matters ...

High-Frequency trading |O.25 Service latency requirements (in ms) Light propagation
Electric grid control |1 (km)
Autonomous vehicles EE 10000
WAN ] €===mmm e 000
Vestibulo-ocular reflex
Haptic VR & tele-operation II 100
Cloud-assisted driving ....... 10
BW-efficient 360° video ...

Hi-Res cloud gaming .ﬁ........ 0.1 1 10 100 RTT
sprinc o SHEEEEEEEEEN "
4K video streaming ................['. - . Max tolerable networking delay
VolP/video conferencing ...........
web page load  [EHENNNENNENSNSEINN (NN S
Mchatabors  [EMMENENEENEERNNEE NN (A ENEN

Core
cloud

. Max application delay for processing

cloud

. Human response times (for reference)
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Bandwidth matters ...

GB/User/Mo

GB/User/Mo 5,903

®» - ~60x

490 ’
~5x V4

/ — VR/AR

92 GB/user/Month »° e

887
2016 2017 2018 2019 2020 e e /____. UHD & Unicast

______ - 388
cmssS====N =T 4.

2016 2020 2025
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Latency & bandwidth matter ...

10Gbps
1Gbps
100Mbps

10Mbps

Bandwidth

TMbps
100kbps
10kbps

Tkbps
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. 360° video Cloud RAN
Video (free viewpoint) | 360° VR/AR VR/AR
. Autonomous
3?&_;’;2;30 ~ vehicles
Virtual RAN
DPaanle ) @ Remotecontrol  Cyctam
People Ve it System
& Thlngs streaming . COﬂtI’Ol
Cloud-assisted
driving
Sensors |
~ Comms & Chatbots ! o
Electric grid
! control
|
Home Sensors i
1
10s 1700ms 10ms Tms 100us 10us

Latency

Core Cloud <4 ) dge Cloud
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Summary: The 100yr, 100x shift

Enabled by: Global reach and power; SW platforms for Enabled by: Local real estate, fiber, trust,
business model disruption, stability, non-privacy optimized HW/SW network platforms,
preserving & inadequately secure programmability, privacy preserving, & secure

Core Cloud Edge Cloud

‘ P Broadband

Networks Access

Compute IP Broadband
Tech Networks Access

Devices

Compute

Tech
100s ms, 10’s Mbps Tms, 1Gbps

1 day, $1000, 108B 10 years, $1, 1000B+
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The shift is underway (but still video centric)

Netflix Open Connect (2011-2016)

%

2010: Global/centralized distribution only
2011: Open Connect launched

2016: 100% content locally served from
~1000 locations

- ISP Locations -Internet Exchange Point (circles are sized by volume)

Source: Netflix, “How Netflix Works With ISPs Around the Globe to Deliver a Great Viewing Experience”, March 17, 2016
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Architectural Shift 1: Virtualizing the Network

0 @ MOST

. PERSONALIZED

NFV / LOWEST COST PER BIT Edge
EN [ VSDN Cloud/Access

MEDIA SERVERS
&CON

NETWORK
MEDIA GATEWAYS APPLIANCES

NETWORK

PACKET GATEWAYS APPS (IM5)

DYNAMIC CONTROL PLANE
CONTROL T FLISEEL S CHARGING
APPLICATIONS

ACCESS
GAIN @ NETWORK

HIGHEST
PERFORMANCE

HIGH

ANALYTICS
PLATFORMS

CapEx & OpEx

NFV/SDN H
Savings

0S5/BSS

FTTx, RF,
CORE ROUTERS COHERENT
& 100G+ OPTICAL,
SWITCHES CMTS
LOwW
LESS COST GAIN MORE
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Architectural Shift 2: Software-Defining the Network

HIGHEST MOST
PERFORMANCE PERSONALIZED
NFV ’/ LOWEST COST PER BIT Ed ge
SDN Cloud/Access
Type 0: Connecting SW to HW
Type 2: Software-define Type 1: Software-define a Service

a Network Path

40 %

$1,000-

Per
Enterprise |8

IP + Optical
CapEx Savings 5100 e

$50

Per Mobile
Sub
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Architectural Shift 3: Distributing the Cloud...in the Network

15 © Nokia 2017

MOST

HIGHEST
PERSONALIZED

PERFORMANCE

N FV / LOWEST COST PER BIT \
v Edge Cloud
SDN

Virtualization
100 -

80 - o
Consolidation
11-15% R
~N 40 0/ ~ 9-11%
(0] g 60 - 41-51%
o
CapEx & OpEx P 40 - 21-25%
Savings
20 -
0
CENTRALIZED EDGE CLOUD
PRESENT FUTURE
NOKIA



Architectural Shift 4: Distributing the Access Network

MOST
PERSONALIZED

NFV / LOWEST COST PER BIT Edge Access

VSDN

HIGHEST
PERFORMANCE (&

LTE Cost / GB
/- r
s14 e e SPECTRUM
Traffic 79% (HZ)
| e |
510
Devices 58%
Ca p EX 58 Traffic 88% TOT
savings by W smancens
L e SPECTRAL SPACE
Small Cells Devices  81% (EFFICIENCY TS Be g 5
sS4 Traffi 99% BITS / SEC / HZ)
& VRAN SDN/NFV e
> - 2x 5% E [0)
5G; LTE-U
5 .

T T T T T T
2014 2015 2016 2017 2018 2019 2020
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Perspective on 5G

Forbidden region:
“Shannon Limit”

Ultra-broadband:

“VR/AR”
/ 2G-4G:
“People & Video”

(O]

©

©

©

o
Ultra-low latency: Ultra‘—‘nirrow?and:
“System Control” Things

Number of users
Source: Bell Labs, adapted from F. Boccardi, T. Marzetta, IEEE Comms. Magazine, 207402
NOKIA
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The Future X Network: The Six Essential 5G Technologies

New Air Interface: New Waveform

Modular Framing Structure for and control for flexible multi-

ultra-broadband, ultra-narrowband

[ ] service interface

- rm’g= and ultra-low latency support ©vas + ~2X battery [ife

i _I » ~5) lower latency
New Virtualized + Software- — r - \ . ¥
Defined Core for flexible —— . £ LA
routing through centralized, l_;’l:l :;i:l:é i:m “
distributed, gateways optimized -
for any service mix o, b L e

fop—
R TN

Higher spectral efficiency through spatial
multiplexing (beamforming)
»~5Xincrease in spectral efficiency

Multi-RAT with network controlled
traffic steering and cell-less

@ Massive MIMO

architecture e ]
« ~2X increase datarate e
+ Guaranteed user/service gttt [T
eXperience

New “mmWave” spectrum
small cells

£ » ~10X bandwidth
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The Future X Network: loT technologies

Low Medium High
170 :
160

Long range 150

140

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

130
Medium range

IS
‘e,
: v |
120 ' ..‘
: ,
I
v,

110

100 MiulteFire

Max Coupling Loss (dB)

Short range 00 WiGig

80

10bps  100bps  1kbps 10kbps 100kbps 1 Mbps 10Mbps 100 Mbps 1 Gbps 10 Gbps

Throughput
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The Future X Network: Distributing the Cable Access Network

pd MORE MORE N
Node size SPATIAL :FI::';ZEITEE‘::LY T4 4 D3.1 - FDX/XG-CABLE16K0QAM
REUSE i Y
= 12 D3.1- 4096 QAM
@ @ WIRELINE E 10 - D3.1-1024 QAM

CAPACITY =

£ W € 1 D3.0-256 QAM
MORE =3 6

SPECTRUM 55 4 D2.0-6404M
2= D1.1-6404AM
w 2 4 D1.0-840AM
=
q l:l T T

1897 2007 2017

<—g Recaim e Cxpand Year deployed

DCCEIS3.0

750MHz 1.2GHz

DOCSIS 3.1 MNottoscale

DOCEIZFD f XG-CABLE

Downstream Future Expansion Downstream-fiber to the tap

Spectrum 1.2 GHz 3 GHz
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The Future X Network: Optimizing cost : performance of Cable

Downstream/Upstream BW ratio

1 P 4 6 8 10
1 D 3.1 centralized ) 3.0 centralized
~s100  * Centralized DOCSIS 3.1
) 3 centralized , ; ;
10 &n won’t achieve multi-Gbps
i scale at low cost
Sustained .,
downstream - DOCSIS 3.1 requires OSP
BW/sub upgrades - CAPEX better
(MbpS) 200 utilized in DAA
500 * DAA required for
DOCSIS FDX / XG-CABLE
1000 41
Normalized
cost per bit
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The Future X Network: Access Convergence - Architecture

Twisted pair 5 Cable 5 Wireless Peak BW/User
. . | ()
. <5 km H. i I:I i ( ) . :" \L 100s Mbps
ADSL2+ : : : <5km
Central Office E;nTtSrahzed Macro Cell T 10s MbpS
M <1km .
VDSL2 i : o | ) °
= ol pt Sl QR St
<250m Nolde =—= . Smallcell i) T 100s Mbps
'.,.,.,ﬁ splitting
G fast Distribution point < 0.3 km ]
<50m % E l ol J, ’IO Gbps
i~ ﬁ i . mmWave ' dv T1-10 Gbps
XG-Fast Building, Drive way ; FTTLA &= . Small cell ' *
¢ [R-PHY/MAC) i
n. | H | n i.») 1 10-40 Gbps
FTTH i FTTH i FTTH T 10-40 GbpS
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The Future X Network: Access Convergence - BW & Technology

100,000
Convergence at 10 Gb/s Packet | Ermror | Modulation, Cross-talk Fast Fouriey  Cyclic
J handling | correction | & Mappingicanceliatiort Transform|  Frefix
10,000 ! ! ! ! !
Vector .
FEC _?-_? Precoder_? T i
1 1 1 1 1
1,000 Copper ! ! !
Signal flow i I i
FEC-! fvector L b e e
100 1 Postcodef ™ \
: l :
1 1 1
1 1 1
10 I I I
1 MIMO ! n !
. FEC FFT
Baseline precode 7| | i
1 LTE : :
. 1 1
Signal flow e 1
1 1
0.1 e Jostcodeér T é:--e
1990 2000 2010 2020

- Function executed on general purpose processorl:l Function benefiting from HW acceleration

= Wireless cell === DSL node (small) === (Cable node === DSL node (large)
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The Future X Network: Access Convergence - BW & Technology

DOCSIS mac at
headend/edge cloud

MAC

R-PHY - Collocated / distributed access functions

24 © Nokia 2017

DOCSIS FDX  5G mmWave PON FTTdp
> MAC MAC MAC
PHY PHY PHY PHY

R-MAC/PHY - Collocated access functions

DOCSIS FDX  5G mmWave PON FTTdp
MAC MAC MAC MAC
PHY PHY PHY PHY

Reduces complexity/functionality in
OSP but:

Remote Phy & Central Mac handshakes
may impact seamless
coordination/multi-access session
continuity

Potential for multi-access technology
scheduling coordination challenges
between Macs

Increases complexity/functionality in
OSP but:

Seamless coordination/session
continuity between mac layers for
multi-access technology use cases

Future hybrid multi-access CPE with
future remote can enable multi-access
services



The New Architecture

== @NF;,' C?P,ICP,
IIX ertcal apps

e Digital Value @ Dynamic .
Platforms Data Security
‘ External data sources

* New trust framework
» Ecosystem sharing
* Mass edge monitoring
Augmented @ Analytics 67(3 Machine
Cognition Systems < learning

Open APIs >
. Management & . )
Dynamic . Dynamic Multi-
e Programmable cuystomer Orchestration network ;‘{}‘\ operator

@ ¢ © © 00

Network OS services optimization federation
- @ =
Universal /\ Q t] (3 E] » @ Common data layer
Adaptive Core Access agnostic modular, decomposed f
\ converged core network functions /
el optimized e Smart Network Fabric

& capacity 7)(?

m ]';%ng
= 1oers
F)—(2
~—~
) el
‘ Humans Massive e Converged Software Access
‘ & Machines Scale Access Edge Cloud defined, end-end Remote
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The New Value (1): Time (& Trust)

Transcendence Needs
Helping others self-actualize
Self-Actualization Needs
Personal Growth, Self-fulfillment etc.
Aesthetic Needs
Beauty, Balance, Form etc.

Belonging & Love Needs
Family, Affection, Relationships, Colleagues,Communities etc.

Safety Needs
Protection, Security, Order, Law, Limits, Stability etc.

Biological and Physiological Needs

Basic Life Needs: Air, Food, Drink, Shelter, Warmth, Sex, Sleep etc.

Free Wifi

Analog

26 © Nokia 2017

Create Time

(by Prediction &
Automation)

with Trust

(in Privacy &
Security)

Contextual Analytics & Automation
User-Specific Multi-Event Analysis, Knowledge Creation

Digital Service Creation & Management
Application-Specific Event Analysis, Response & Learning

Digital Data Stream Processing & Storage
Real-Time Event Detection & Summarization

Ubiquitous Secure Digital Connectivity
Communication, Control, Authentication & Resource Optimization

Digitally Ena
D awering

NOKIA



The New Value (2): Global-Local Equilibrium

L ocal Forces

Optimized Delivery of
Digital Content

Trusted Brand
Relationship

Personalization

Personal Privacy
Protection

Economies of Secure
Network Platform
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Global Forces

Optimized Discovery of
Digital Content

Massive
Brand Power

Generalization

Personal Data
Monetization

Economies of Cloud
Platform Scale

NOKIA



The New Value (3): Digital Value Platforms

Media & entertainment

Yu@d hulu
"iTunes

NETFLIX @

Needs

- Massive scale content delivery
- Dynamic bandwidth control

VR/AR n
Q NETFLIX

. B
magic(leap NEXTW¥R

Needs

- Massive access capacity
- Low latency edge processing
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Data & knowledge discovery

GO\nge

" ®

Needs
- Global network coverage
- Immediate response

Expert assistance
@L®
IBN4Mknson

Needs
- Global network coverage
- Immediate response

Comms, commerce, context
& Content

¥ 5
in Vol.te

Needs
- Global network coverage
- Uplink capacity for sharing

Supply-demand matching

UBER & airbnb
:iLendingClub

Needs
- Global network coverage
- Network-enhanced trust

Vertical & infra automation

Affie = wiings €3

Smart Health care Smart
city home

Needs

- Tera-scale access and core
- Network slicing for verticals

Critical control platforms
”\
= > s

Self—driving /o\o Smart grids
o °
e

Industry

Needs

- Latency/reliability constraints
- Control systems in edge cloud

NOKIA



The Simple Formula

1T+1+1=11T->11+11"1

ms Gbps n $Tn GSPs LSPs
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And the winners will be...

Global Providers Local Providers
— Become a DVP company first and — Become a high performance Infra

foremost company first and foremost
 Create or acquire new digital value platforms - Create highly optimized, high performance
 Create E2E (industry-centric) service offerings edge-cloud network
« Create alliance with local providers for edge * Support massive scale, adaptive network

network slicing & high performance services slicing and hosting infrastructure

delivery « Create alliance with global providers for E2E
» Leverage local value for real time (edge) service offerings

analytics and security services - Offer real time (edge) analytics and security

services
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