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COMPANY INVESTORS

AT&T Adds High-Quality Spectrum
to Support Customers’ Growing
Demand for Mobile Video and High-
Speed Internet

ATE&T is the winning bidder on FCC Auction 97 spectrum licenses
providing a near nationwide contiguous 10x10 MHz block of AWS-3
spectrum across 307 million people representing 96 percent of the U.S.
population and 96 of the Top 100 U.S. markets*

DALLAS, Jan. 30, 2015 — At the conclusion of the FCC's Auction 97, AT&T**
has successfully acquired licenses for a near nationwide contiguous 10x10
MHz block of high-quality AWS-3 spectrum. As a result of the acquisition,
AT&T now covers 96 percent of the U.S. population with high-value
contiguous AWS-3 spectrum.

“Growth in our customers’ mobile data usage continues to explode, driven
by mobile video traffic. This spectrum investment will be critical to AT&T
staying ahead of customer demand and facilitate the next generation of
mobile video entertainment,” said John Stankey, chief strategy officer-
AT&T.

Maobile data traffic on AT&T’s national wireless network increased 100,000
percent from January 2007 through December 2014

2 https://about.att.com/story/att_adds_high_quality spectrum_to support_growing_demand_for_mobile video_and_high sptedd internet
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Networkingiswas the New Mainframe
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1980s Mainframe 2010s Networking Equipment
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Vertically integrated hardware/software;  Vertically integrated hardware/software;
Handful of vendors Handful of vendors

Expensive; Slow innovation Expensive; Slow innovation 4



Network Softwarization
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Network Softwarization
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Three drivers

of Network
Softwarizatio

SoftwareDefined Networking
Separation of control from packet
forwarding hardware; centralization
of network control

Network Functions Virtualization
Decoupling of network functions
(Firewall, NAT) from hardware
middleboxes

Network Virtualization
Instantiation of multiple virtual
networks with differefoSson the
same physical network in isolation



Network Softwarization

Traditional networks Next generation networks
empowered bysoftwarization
Hardwarecentric Softwarecentric;Virtualized
CLHdriven ‘ APLdriven
Manually provisioned Programmable
One-sizefitsall Sliceable to meet different QoS
N— R
——

Finegrained and programmable control over network resources

Reaping full benefitssoftwarizatiorequires
mechanisms for efficient resource management



Challenge some of the existing practices
of resource allocation and monitoring In
networks empowered bgoftwarization

Rearchitecting Virtual Network Functions
(VNFs) for finegrained resouree
allocation and scaling

P rOpOsa ' W Resource efficient Virtual Network (VN)

embedding in Mullayer |FoverOptical
Networks

S\ SoftwareDefined Network Monitoring



Rearchitecting VNFs for Fin
grained Resource Allocation
and Scaling




Transition from middleboxes to VN

NFs are run asNFson
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Transition from middleboxes to VN
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Monolithic VNF
Limitations
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1S.R. Chowdhurgt a/Rearchitecting NFV Ecosystem viititroservicesStateof-
the-art and Research Challenges. IEEE Network, April 2019
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Monolithic VNFs: Impact on CPU usag
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