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Future X By The Numbers
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Things connected
to the Internet
in the future

2 Bell Labs NOKIA



Technological Revolution

nterconnectedness and Interdependence of
participating systems and technologies
+ N\
The capacity. to profoundly transform the
economy and eventually society
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Future X Network: The Past, Present & Future

I’L‘ Financial (1600 - 1740)
4

4
[L- 2nd Industrial (1880 - 1920)
2

0{ Scientific-Technical (1940 - 1970)
1 5{

Information (1985 - 2015)
O {

1st Industrial (1780 — 1840)

Automation of Everything (2015 -)

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

Cloud Integrated Network
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Future X Network: A New Networking & Connectivity Era

20dDiscovery Era | 1°tSharing Era @ 15t Commerce Era § 2"dSharing Era § 2"d Commerce Era
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Future X Network: Driven by an Enterprise Revolution

Sector of economy/society, US Internet impact, to date
® ®© 6 0 0 ©
Consumer AdAdAAA

il & & 0 6
Security/safety/warfare ﬁ & & &

Education o -
J~a e

Healthcare ata nte

Government/regulation/policy thinking E

After Mary Meeker, Internet Trends 2015
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Future X Network: Latency Matters ...

High-frequency
trading (HFT)

Vestibulo-ocular
reflex (VOR)

VR gaming
Screen-to-brain
propagation

Cloud-assisted
car driving

AR
non-gaming

4K video
click-to-start

Hi-res cloud
gaming (FPS)

Sprint start

Blink

VolP/video conf.
(1-way)

Web page
first fold load

IM chat

Bell Labs

Latency requirements in milliseconds

. Human neurological response times (for reference)

B Maximum expected application delay for processing/buffering/display, etc.

. Maximum tolerable network delay

Only feasible
in edge cloud

Metro cloud
may be
possible

Centralized
cloud
implementation

EIIIIIIIIIIIII!IHI[I B

After Mokia Technology Vision 2020
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Future X Network: Latency and Throughput Matters ....

Maximum TCP Throughput  _ TCP window size (bits)

(bits/second)
Round-trip latency (seconds)
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Future X Network: The Automation of Everything & the New Digital Currencies

Transcendence Needs
Helping others self-actualize

Self-Actualization Needs

Personal Growth, Self-fulfillment etc.

Aesthetic Needs
Beauty, Balance, Form etc.

men.

 Achievement, Statu:

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

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

/ Free Wifi

Analog Needs
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Create Time ...with Trust

(by Prediction & Automation) (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 Enabled Animate and In

Device powering, Data sensing, Netw

Digital Needs
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Future X Network: Global-Local is the New Opportunity/Reality

Local Forces Global Forces

Low Latency & High
Bandwidth

Trusted Brand
Relationship

Ubiquitous Access to
Digital Content

Brand Power

Personalization & Omniscient
Contextualization (& Perspective &
Privacy) Analytics

Economies of (Secure)
Delivery

Economies of Scale

THINK GLOBALLY &

ACT LOCALLY
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Future X Network: Convergence and Consolidation Drives New Local

FCF % of revenue*

20

10

® Wireless-only operators

Bell Labs

Movistar @
GSpam), ’
Vodafone S £
(Germany) ® Pk
B Telekom ’
(Germany) - %
- ¢’ 2 .
L’ Orange
s (France)
Verizon @ SFR (France)
e P
_,” @ Vodafone (Spain)
E-Plus ATET -
(Germany) 1 2L
e Vodafone (UK)
Prg £ i Orange (Spain)
.7 02(UK) @
Bouygues (France) @ _~
% ® EE(UK)
3 (:K) g : Sprint
o 4 ‘ .
T-Mobite (US) @ @ 02 (Germany) *Average 2000-2014
0 10 20 30 40

Market share (%)*

® Converged operators

50

Recent M&A Activity
Mobile Network Consolidation /
Operator Convergence
02 Telefénica E-Plus
(Germany)
VF (Germany) KDG
VF (Spain) Ono
EE (UK) BT
3 (UK) 02 UK
Orange (Spain) Jazztel
Liberty Global Base

Charter Time Warner
Altice Suddenlink
Altice Cablevision
T-Mobile ?
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Future X Network: The Service Scale Challenge Drives New Global

Country
Presence

12
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m 2010

eBay
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Amazon

Apple

Google

1300

Facebook

2010

10

6

21

100

60

2014

31

10

115

195

195
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Subscribers [Million]

800 2010
Top 5
m2014
Largest 600
MNOs
400
" I I I I
Telefonica América Movil Bharti Airtel  Vodafone China Mobile
Country
Presence 2014 20 30 21 29 2
200 w2010
m2014
Next5 .,
Largest
MNOs 449
50
MTN VimpelCom China Singtel Telenor
C ¢ Telecom
ountr
Presené/e 2014 21 14 1 22 16

*Average properties per group: 11 (2004) > 18 (2014)
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Future X Network: A New Value Paradigm

CLOUD MOVES
(IN)TO THE
EDGE OF THE
NETWORK

MASSIVE
DEVICE
SCALING IN
THE (EDGE)

THE FUTURE X

NETWORK:
DEFINING FABRIC
OF THE DIGITAL

WORLD

MOST
PERSONALIZED

LOWEST COST PER BIT

ENTERPRISE &
CONSUMER

@ ANALYSIS
@ CONTENT
@ SERVICES

CLOUD

PEOPLE
&
THINGS

HIGHEST
PERFORMANCE
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Future X Network: The Target Architecture and Value Vectors

Bell Labs

NATIONAL CLOUD ” GLOBAL CLOUD

%j Digital Commodity Exchanges
Dynamic 0SS & Dev40Ops

Augmented Intelligence
Seamless Systematic Security
Cloud Integrated Network OS

SOFTWARE
DEFINED

EDGE CLOUD

\ =

S /%%1%ZED >

RO/CORE~

7\ /\

=~ LONG
WIRES WIRELESS

NETWORK FUNCTION
VIRTUALIZATION
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Future X Network: Virtualizing the Network

MOST
PERSONALIZED

| NFV LOWEST COST PER BIT Edge
¢ Cloud / Access
Veon

MEDIA SERVERS
&CDN

NETWORK
MEDIA GATEWAYS APPLIANCES

NETWORK

PACKET GATEWAYS APPS (IM5)

DYNAMIC CONTROL PLANE
CONTROL I IFLITEE: S CHARGING
APPLICATIONS

ACCESS
GAIN @ NETWORK

FTTx, RF,

HIGHEST
PERFORMANCE

NOwW

HIGH

ANALYTICS
PLATFORMS

CapEx & OpEx

NFV/SDN H

0S5/B5S

CORE ROUTERS COHERENT
& 100G+ OPTICAL,
SWITCHES

CMTS

Low

LESS COST GAIN MORE
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Future X Network: 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 o
IP + Optical Enterprise B # > 50 A

CapEx Savings $100 - Site

$50

Per Mobile
Sub
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Future X Network: Distributing the Cloud...in the Network

HIGHEST
PERFORMANCE

NFV /

LOWEST COST PER BIT

Wspn

MOST
PERSONALIZED

\ Edge Cloud

Virtualization

100 -
80 - o
Consolidation
11-15% ——
nNy 40 0/ . 9-11%
0 g 60 - 41-51%
o
CapEx & OpEx R 40 . 21-25%
Savings
20 -
0
CENTRALIZED EDGE CLOUD
PRESENT FUTURE
NOKIA
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Future X Network: Distributing the Network

HIGHEST
PERFORMANCE W&
N FV / LOWEST COST PER BIT
VsoN
LTE Cost / GB
Devices 36%
o1 Traffic  79%
90 % (S
o 510 LTE
Devices 58%
CapEX . Traffic  88%
savings by . mall cels
Small Cells e
s4 raffic
& VRAN SDN/NFV e "
52
$1.32
— 5G; LTE-U
S' T T T T T T
2014 2015 2016 2017 2018 2019 2020
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SPECTRAL
EFFICIENCY
(BITS / SEC/ HZ)

2X-5X

2X-10X

MOST
PERSONALIZED
\ Edge Access

SPECTRUM

(HZ)

TOT

SPACE
(BITS / SEC/ HZ / M%)

>10 X
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Future X Network: The new local connectivity = 5G

Ultra-narrowband

: Ultra-broadband

5G : a unified wireless ‘ether’ for a new digital existence, supporting
traditional ‘human’ applications and new ‘machine’ applications enabling
‘AoE’ - the Access to Everything and the Automation of Everything
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The Simple Formula: 5G = R1+R2+R3+R4

Ultra-broadband:
Massively increased
data rate per user
(using new spectrum
spectral efficiency,
spatial efficiency)

Ultra-low latency:
Massively increased

responsivity at same (g *®

user density (using
new control &
connectivity & air
interface paradigms)

20
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Data rate

Number of users

i1
1000

Forbidden region:
' Shannon Limit

Today: As number
i , of users increases,
data rate per user
decreases

Ultra-narrowband:
Massively increased
number of users @
same data rate
(using new control
& connectivity &
air interface

F. Boccardi, Bell Labs, IEEE Comms. Magazine, 201402

Bell Labs

paradigms)
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5G: The Six Essential Modular Framing Structure for

New Air Interface: New Waveform

Technology Elements DDDD zg:?c-)\t/)vrt?::gzrr]% Sllttrr:-low and control for flexible multi-service
ey I_|_|_U. lat ; interface
— | ey suppor . ~2X battery life
= + ~5X lower Iatency
New Virtualized + Software- orse e Modular
Defined Core for flexible routing Framing o

OFDM (LTE)

through centralized, distributed,
gateways optimized for any
service mix U app.doa

rate

i ||
\Hhuﬂ | H’ m Il
New Air pesi nsskserter seps
Interface

DL app clata rate

Massive MIMO

Higher spectral efficiency through spatial
multiplexing (beamforming)

* ~5X increase in spectral efficiency

service
Latency avallability

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

architecture RIE m -
+ ~2X increase data rate s A %
« Guaranteed user/service o LA o
experience =

™ T i i =
lml o - nor | New “mmWave” spectrum m 3}
Al colllsr mobile ; anzsz 1 I Sma" Ce”S k’

- « ~10X bandwidth -
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Future X Network: Converging the Distributed Access Network

22

Capacity in Mb/s

100,000
Convergence at 10 Gb/s
10,000 }J
1,000
100
10
1
0.1
1990 2000 2010 2020
= Wireless cell === DSL node (small) === Cable node === DSL node (large)
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Future X Network: Scaling the Metro & Core Network
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Metro
Long haul

Submarine

1,000 10,000
Transmission distance (km)

= WDM experiments
=== Non-linear Shannon limit
Products

75

50

25

10

C-band capacity (Tb/s)

NOKIA



Future X Network: Scaling the Metro & Core Network - Optics

1Tb/s

1.2 Tb/s

1Tb/s

-
o

(24 subcarriers, 12.5-Gbaud)

(2 subcarriers, 80-Gbaud) (4 subcarriers, 43-Gbaud)

Electronics complexity Optics complexity

(b) Spatial superchannel

rTri-mn Fim A

2. Wavelength

AAm - -~

Bell Labs

1. Space

2. Space
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Future X Network: Scaling the Metro & Core Network - IP

Link Utilization

Carried Load

08 |

06 |

04 F

0z

Ideal

STAR

CSPF

W

Offered Load

20 40

Bell Labs

Link Utilization

c
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2 | ]
= |
i Decrease a
R o eal Operating Point
L Min Max
e i R CE e —e
Avg. Utilization
1 - -
P <05 w—
05<p<0.75 mmm
2075 m—
08
s
0.4
02
o
o 20 40 & 80

Link Number
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Future X Network: Automating Knowledge Creation

Artificial Intelligence Augmented Intelligence

Input

Hidden
> units

Output
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Future X Network:

27
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The Competitive Dimensions

-

Oy

GLOBAL

-

LOCAL

ENTERPRISE

CONSUMER
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Future X Network: A New Business Era
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