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Figure 1. Cisco Forecasts 15.9 Exabytes per Month of Mobile Data Traffic by 2018

Exabytes per Month 61% CAGR 2013-2018
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Figure 2.  Global Mobile Data Traffic Forecast by Region

Exabytes per Month 61% CAGR 2013-2018
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Figures in parentheses refer to regional share in 2018.
Source: Cisco VNI Mobile, 2014
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Figure 13. 51 Percent of Total Mobile Data Traffic Will Be 4G by 2018
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PLM, Amateur, others: 30-54 MHz
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Spectram Poliey Task Force

REPORT

ET Docket No. 02- 135

November 2002

Federal Communications Commission
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i Australian Government
‘ tralian Communications Authority

From DC to Daylight — Accounting
for Use of the Spectrum in Australia

A Spectrum Management Strategy

June 2004

Review of
Radio Spectrum Management

An independent review for
Department of Trade and Industry
and HM Treasury

by Professor Martin Cave

March 2002
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Figure 1. UHF Bands IV and V after DSO per current proposals
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High power TV broadcasts which use the same

frequencies needto leave spaces between their
coverage areasto avoid interference.

These frequenciescan be usedin the
‘White spaces” in between by lower-power
devices.

Interleaved spectrum and TV white spaces.
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Path 1:

signal from DTT
transmitter goes
direct to house aerial

signal to mobile
cognitive device
blocked by tall

building

Path 3:
signal from mobile cognitive
device to house aerial
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Before the
Federal Communications Commission
Washington, D.C. 20554

)
)
)
)
)
)

In the Matter of

Unlicensed Operation in the TV Broadcast Bands ET Docket No. 04-186

Additional Spectrum for Unlicensed Devices ET Docket No. 02-380

Below 900 MHz and in the 3 GHz Band

SECOND REPORT AND ORDER AND
MEMORANDUM OPINION AND ORDER

Adopted: November 4, 2008 Released: November 14, 2008

By the Commission: Chairman Martin. and Commissioners Copps. Adelstein. and McDowell 1ssuing
separate statements: Commissioner Tate approving in part. dissenting in part and issuing a statement.
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WirelessMAN®

802.16

EEE
w 802

Overview of the IEEE 802.22 Standard

Cognitive radio based un-
licensed usage, ideally

suited for regional and
rural broadband wireless [3

MAC provides
compensation for
long round trip

delays

PHY optimized to
tolerate long channel
response and
frequency selective

fading channel
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DARPA Spectrum Challenge

“A competition to demonstrate a radio protocol that can best use a
given communication channel in the presence of other dynamic users
and interfering signals”
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DARPA Spectrum Challenge

“A competition to demonstrate a radio protocol that can best use a
given communication channel in the presence of other dynamic users
and interfering signals”

* Use a standardized radio hardware platform (USRP N210).

* Head-to-head competitions between your radio protocol and an
opponent's in a structured testbed environment.

* The best strategies for guaranteeing successful communication in the
presence of other competing radios will win.
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DARPA Spectrum Challenge

Multiple Phases:
e Qualification
e Wildcard selection

* Tournament
* Competitive
* Cooperative
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DARPA Spectrum Challenge

Qualification:

* Single radio pair (Transmitter — Receiver)

» Take input data from a source, packetize, transmit and receive.
* 2.5MHz band to operate in.

* Total number of correct packets received in 5 minutes.

* 3 types of possible interference (random time sequence):
* NO = one second period of no interference
* N1 = one second period of short-term 1.25MHz band-limited white noise
interference signal that resides in the lower half of the 2.5MHz band
* N2 = one second of short-term 1.25MHz band-limited white noise
interference signal that resides in the upper half of the 2.5MHz band.
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DARPA Spectrum Challenge

System Design?

 Simplex/Duplex?

* Robust waveform or detect & reconfigure?
* Single/Multi-carrier?

* Channelization?
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DARPA Spectrum Challenge
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DARPA Spectrum Challenge
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DARPA Spectrum Challenge

Wildcard Selection:

* Single radio pair (Transmitter — Receiver)
* Tested against “house radios” and other possible interferers.
* Transfer a data file without errors as fast as possible.
* Competitive match
* Tested against single house radio pair.
* Fastest team wins.
» Cooperative match
* Tested with two house radio pairs.
* Weighted average of time taken and the number of error-free packets
received by each radio pair.
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Spectrum Challenge
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Spectrum Wars
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Thanks for your attention

Questions?
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