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Billion Dollar Question

White
House
Astrologer

a All I want you to tell me 1s what will be the
hot networking technology in the year 2016
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1880

Wireless: History

0 1880: Hertz discovered electromagnetic waves
O 1898: First commercial radio data service
1900 " 0 1921: First Mobile Radio:
Wireless dispatch system for Detroit Police
1920 O 1946: First Mobile Telephone Service:
In St. Louis by AT&T. Half-duplex = Push to talk.
1940 a 1970: First Cellular Phone Service: AT&T Chicago
a 1971: First Wireless Data Network:
1960 Aloha at University of Hawaii
a 1990: First Commercial WLAN Product AT&T
1980 WaveLAN
a 1997: First WLAN Standard - IEEE 802.11 2Mbps
2000
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Potential

Life Cycle of Technologies

Research Hype Dis Success or
1llusionment Failure
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Recent Wireless Innovations

5G: Beyond 4G. Expected 1n 2020. 100X LTE
Cognitive Radio: Find unused channels and use them
802.11ah: Low-speed coordinated communication for M2M

O 0O 0O O

TeraHz Waves: Sub-millimeter waves. 1] mm to 0.1mm
wavelength. 0.3 to 3THz. Between Radio and light

802.11ad: WiGig. Gigabit Wireless

Smart Antennas: Antenna arrays that can orient towards
direction of arrival

LTE-Advanced: Next generation of LTE. Real 4G. 1 Gbps
802.11ac: 500Mbps-1 Gbps Wi-Fi

Wi-Fi Direct: Point-to-Point Wi-F1 without access point
802.11u: Authentication for 802.11 hotspots

U O

I R N
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Wireless Innovations (Cont)

d

a

U

Small Cells: 10m to 2km. Includes Micro cells, Pico cells,
Femto cells

802.22: Wireless regional area network using white spaces in
TV channels

Super Wi-Fi: Long-distance internet access using TV white
spaces

TD-LTE: LTE using time-division duplexing rather than
frequency division duplexing

ZigBee: Trade name for 802.15.4 personal area networks. Like
Wi-Fi for 802.11

802.11r: Fast Base Station transition
LTE: Long-Term Evolution. 3.9G
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Wireless Speed Trends
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Ref: G. Fettweis, “The limits of 4G and how to design a new 5G Phy,” http://www.icee-ctw.org/2013/slides/Fettweis.pdf
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Global Mobile Data Forecast [Cisco]
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Global IP Traffic: 3X 1n 5 years (2016-2021)
= 24% Compound Annual Growth Rate (CAGR)

Busy hour traffic growing faster: 3.2X in 5 years
Fixed/Wi-F1 will be 46% of total IP traffic
Fixed/wired will be 37%

Mobile will be 17% = 46% CAGR

IP Video will be 82% of all IP traffic

27.1 billion devices 1n 2021 = 3.5 devices per person
439% of devices will be mobile

51% of devices will be M2M (PCs 5%, Tablets 3%)

10. Average broadband speed 53 Mb

S
Ref: Cisco, “Cisco Visual Networking Index: Forecast and Methodology,g()16-2021” June 6 ,2017, 17 pp.
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Broadband Subscriptions

MOblle * Compound Annual Growth Rate (2012-17) Subscriptions 2017
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Ref: ITU, "ICT Facts and Figures 2017," 8 pp., https://www.itu.int/en/ITU-D/Statistics/Documents/facts/ICTFactsFigures2017.pdf
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Telecom Revenues
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a Revenues declined by 4% between 2014 and 20135.

Ref: ITU, "ICT Facts and Figures 2017," 8 pp., https://www.itu.int/en/ITU-D/Statistics/Documents/facts/ICTFactsFigures2017.pdf
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Mobile vs. Fixed
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O Mobile phones rather than fixed broadband is the future for
internet access

Ref: ITU, “ICT Facts and Figures: The world in 2015,” http://www.itu.int/en/I'TU-D/Statistics/Pages/facts/default.aspx
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Hype Cycle for Enterprise Networking and
Communications, 2018

)  |0T Networking
Virtual CPE
=y Container Networking

Intent-Based Networking e

Open Compute Project Nelworking
Managed SD-WAN Services
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NFV Services

Firewall as a Service
Network On-Demand Services

—  502.11ax
— 50 Services

802.11ad

Cloud UC (UCaaS)

Metwark Packet Brokers
2.5/5 Gbps Ethernet

Hybrid VWWAN
Advanced Underserved

Area Comms

802.11ac Wave 2

Ka Band Satellite Communications
Ethernet Switching Fabric

Application Performance Monitoring Suites
Cloud-Managed LANs

Software-Defined Networking g

SD-WAN (Products)

Microsegmentation (Software-Defined Segmentation}

Network Configuration and Change Management Tools
Brite-Box Switching

IPvG

exXpeciduons

Enterprise Network
Function Virtualization

» Time-Sensitive Networking

Network Performance
Monitoring and
Diagnostics Tools

Maobile Satellite Services

Service Mesh
=) Named Data Networking

As of July 2018
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99 Expectations i g y

time
Ref: D, Young, M. Toussaint, "Hype Cycle for Enterprise Networking and Communications, 2018," Gartner Report ID G00338722,
13 July 2018, 69 pp.
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New Networking Tech

Service Mesh: uService-to-pservice communication
Time Sensitive Networking: IEEE standards for real-time

Container Networking: IP address management and service
registration for containers using embedded switches and routers

Virtual Customer Premise Equipment: CPEs using standard
equipment and Virtual network functions for routers, firewalls,

Software Defined Perimeter: Logical separation of network-
connected nodes 1n to a secure computing enclave

Micro segmentation: Software defined segmentation to isolate
applications 1n a cloud or datacenter using firewalls or crypto

2.5G/5G and 25G/50G Ethernet

Ref: D. Young, M. Toussaint, "Hype Cycle for Enterprise Networking and Communications, 2018," Gartner Report ID G00338722,
13 July 2018, 69 pp.
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Robotic Vacuum Cleaner

Bots
—  Blustooth 5

Internet-Delivered Linear TV
Conversational User Interfaces

Smart Robots

Chatbots

Pet Monitars
—) 802.11ax

Smart Mirrars

VPA-Enabled Wireless Speakers

Gesture Control Devices
Virtual Assistants

Home Automation

Connected Home .
LPwa <= || ow Power Wide Area

Computer Vision
Predictive Analytics

802 1120 gm—
Home Energy Management

Personal Health-Tracking Devices

Skin Bio Patch

Home Wireless Music Systems

Consumer Smart Appliances
802.11ac Wave 2 @—

expectations

Midrange Wireless
Power Charging

Wearables Smart Lighting

Remote Medical Monitoring

Hype Cycle of Connected Homes 2018

Internet Video

Ref: F. Elizalde, "Hype Cycle for the Connected Home, 2018," Gartner Report ID G00340387, 30 July 2018, 68 pp.
Washington University in St. Louis http://www.cse.wustl.edu/~jain/cse574-18/

Smart Dust Smart Fabrics
Microsupercapacitor Customer Gateways Smart Locks
Batteries Smart Thermostats
As of July 2018
Innovation Bl Trough of Slope of Plateau of
Trigger o Disillusionment Enlightenment Productivity
Expectations T :
time
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New Wireless Technologies

a 802.11ac Wave 2: Peak rate of 6 Gbps vs. 1.3 Gbps for Wave 1
using 2.4 and 5.8 GHz

a 802.11ad: 7 Gbps using 60 GHz (millimeter wave)
a 802.11ax: user throughput 4x 801.11ac

a Bluetooth 5: Longer range than Bluetooth 4.2, higher speeds,
mesh networking (Approved Dec 2016)

O Low Powered Wide Area (LPWA): For IoT. LTE Cat-M1, EC-
GSM-IoT, LTE Cat-NB1, LoRa, Sigfox, RPMA, FlexNet,
WiSUN, Synergize

O Mobile Satellite Services: 500 kbps and up

Ref: F. Elizalde, "Hype Cycle for the Connected Home, 2018," Gartner Report ID G00340387, 30 July 2018, 68 pp.
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Internet of Things

a More IoT devices than mobile phones 1n 2018

a 70% of wide-area IoT devices will use cellular

1 Cisco predicts $457B by 2020 with a CAGR of 28%
Q Statista predicts $8.9T in 2020

a Accenture estimates IIoT $14.2T by 2020

Q Manufacturing dominates IoT connections

Ref: L. Columbus, “2017 Roundup of Internet of Things Forecasts,” December 10, 2017,

Postscapes, “IoT Market Forecasts,” August 20, 2018,
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Cavemen of 2020
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Summary: Wireless and Mobile Trends

5.

W.

as
Wi-F1 has grown worldwide 1n just 15 years

5@G, Cognitive radio, M2M, TeraHz, Smart
Antennas, LTE Advanced are topics for active
research.

Wireless speed growth 1s following Moore's Law

Mobile subscriptions are approaching world
population

Most of the traffic i1s video

ashington University in St. Louis ©2018 Raj Jain
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Acronyms

O AT&T American Telephone and Telegraph

a CAGR Cumulative Annual Growth Rate

a CIO Chief Information Officer

a CIS Commonwealth of Independent States

a CMO Chief Marketing Officer

O CPE Customer Premises Equipment

a0 GHz Giga Hertz

QO Hz Hertz

a ICT Information and Communications Technologies
O IEEE Institution of Electrical and Electronic Engineers
a 10S 1Phone Operating System

a IPTS Institute for Prospective Technological Studies

a IPvé6 Internet Protocol Version 6

a ITU International Telecommunications Union

a KISDI Korea Information Society Development Institute
o LDC Least Developed Countries
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LTE
MIMO
NFC
NGO
OFDM
RFID
SSD
TD-LTE
TeraHz
THz
TV

US
USB
Wi-Fi1
WiGig
WLAN
ZigBee

Iy Ny Iy Iy Ny Ny N Dy I Ny Iy Ny By

Washington University in St. Louis

Acronyms (Cont)

Long-Term Evolution

Multiple Input Multiple Output

Near Field Communications
Non-Governmental Organization

Orthogonal Frequency Division Multiplexing
Radio Frequency Identification

Solid-state Storage Drive

Time-Division Duplixing Long-Term Evolution
10'2 Hertz

Tera Hertz

Television

United States

Universal Serial Bus

Wireless Fidelity

Gigabit Wireless

Wireless Local Area Network

Trade name for 802.15.4
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