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and the creation of time

Marcus Weldon
President of Bell Labs & CTO of Nokia

1 © 2016 Nokia




Future of automated systems, platforms, infra
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Size in 2025'

$ billion, adjusted to 2015 dollars

Total = $3.9 trillion—11.1 trillion
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Major applications

Monitoring and managing illness, improving
wellness

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

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

Organizational redesign and worker
monitoring, augmented reality for training,
energy menitoring, building security

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

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

Condition-based maintenance, reduced
insurance

Public safety and health, traffic control,
resource management

Logistics routing, autonomous cars and
trucks, navigation

Source: McKinsey Global Institute, The Intemet of Things: Mapping the Value Beyond the Hype, June 2075
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By 2020 this opportunity will grow to more than
>$1 Trillion

Source: Harbor Research
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The revolution

Technological Revolution (def):

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

Tech. Revolution

Enabling Technology

Connectivity
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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



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 ARl (Provisioned) (Software definable)
Sharin Static and Limited Dynamic and Infinite
2 (HW VPN ) (SW Slices)
Investment Singular Multiple & Cooperative
(Operator only) (Many contributors/new players)
Industry
Dynamic Standards Definitive lterative
Partnership Limited w/APls Co-design w/Open specs
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The new digital era
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Latency matters ...

High-Frequency trading |O.25 Service latency requirements (in ms)

Electric grid control
Autonomous vehicles
VRAN
Vestibulo-ocular reflex
Haptic VR & tele-operation
Cloud-assisted driving
BW-efficient 360° video
Hi-Res cloud gaming
Sprint start
4K video streaming
VolP/video conferencing
Web page load
IM chat & bots
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Bandwidth matters ...
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Industrial Internet Limits and Needs

Requirements
Safety, Speed, Precision, Accuracy,
Reliability, Adaptability

*Moore’s Law
*Al Systems
o Anticipate/ Actata
Digital models Control distance
of the physical world
Actuate
*Device
Phys/Chem

*New materials

*Speed of light

Digital Solution (Network) Needs

Bandwidth

o Latency
Digital nervous system Scalability

Reliability
8  ©Nokia 2016 Security
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Telepresence
(VR, haptics)

ERLL

Hyper-automation
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*Human VOR
*Response Time

*System
Engineering

*Precision
Robotic control
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MulteFire Industrial Advantage

Shipping Ports

Discrete Transportation
Manufacturing Venues
Distribution Sk 5
: Warehouses  Qjl & Gas ptiace:an
Oil & Gas Upstream Downstream Unde_rg_round
Mining

Hospitals & Water
_— Treatment
Facilities

Power Oil & Gas

Generation Hybrid/Converting Process Oil & Gas

Transport
Manufacturing Manufacturing Transport

“Mission critical” supply chains & industries

Source: Harbor Research
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MulteFire Applications Advantage
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Transmltters, Sensors
& Switches
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31B market, 500M units in 2022

2016-2022

2016 2022 CAGR
Factories 24.5 99.6 26.3%
Borders & Ports of Entry 25 15.9 36.1%
Upstream 03 1.9 36.0%
Power Generation 1.8 1.4 36.0%
Military Bases 6.3 54.7 43.4%
Process Plants 144 70.5 30.3%
Warehouses 174 69.9 26.1%
Hospitals & Labs 22 185 42.6%
Surface 24 12.5 31.7%
Transport Venues 34 19.9 34.2%
Downstream 1.5 11.0 39.0%
Mills 16.8 85.9 31.2%
Underground 0.1 0.5 40.9%
Clinics 1.0 126 52.0%
Water Utility Plant 1.1 13.1 51.8%
Total 95.7 497.8 31.6%

Hyperlocal, high reliability, high capacity, low latency applications

Source: Harbor Research



Latency & bandwidth matter ...

. 360° video Cloud RAN
10Gbps | Video (free viewpoint) | 360° VR/AR VR/AR
1Gbps 360° video Autoromous
(hi-res)
c 1OOMbpS Virtual RAN
S
= 360° video
-§ 'IOMbpS (lo-res)
& 1Mbps | People o Remote control System
& Things Ctreamin Control
g€ Cloud-assisted
100kbps driving
Sensors |
~ Comms & Chatbots !
10kbp5 Electric grid
! control
|
’|kbps Home Sensors i
10s 1s 100ms 10ms Tms 100us 10us

Latency

Core Cloud <4ms ) dge Cloud
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A word on loT
Low Medium High
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Medium range 120

110

100 MiulteFire

Short range 00 WiGig

Max Coupling Loss (dB)
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10bps  100bps  1kbps 10kbps 100kbps 1 Mbps 10Mbps 100 Mbps 1 Gbps 10 Gbps

Throughput
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Essential 5G Perspective...

Forbidden region:
“Shannon Limit”
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F. Boccardi, Bell Labs, IEEE Comms. Magazine, 201402
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Summary: The 100yr, 100x shift
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