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Where We are iIn US gm

Much of the thinking/action in US has been driven by
PCAST Report:

— A bit conservative, but immediately implementable, and hard to
challenge technically

— Broadly Endorsed by the Administration

Led to FCC Action to Create “Innovation Band” in Federal
Spectrum at 3.55 GHz, used by Naval Radars

FCC has acted to establish this band, and most Details
— A few details pending in a further action (this year?)
Industry has moved out to make this a reality

WinnForum formed Multi-stakeholder group

— Includes all four major US carriers, major equipment suppliers, and
likely Servie Providers (Google and others)



Some of the PCAST Study

Recommendations

Make Federal Spectrum Available for Sharing by Civil
Users to the Maximum Extent Possible

Provide a 3 Tier Framework to Enable Flexible Use

1. Protected Federal Primary Users
2. Secondary Protected Access (PA)

3. General Access /no protection (similar
to Unlicensed, with registration)

Manage Spectrum through Spectrum
Access System (SAS) database
Move to Protection without
Exclusivity

Flexible, Short-term Licenses
Balance Civil and Federal Interests
at the White House Level

qm

e

REARLEII;OR'I" TO THE PRESIDENT
ING THE
& GQVERNMENTFULL POTENTIAL

"HELD s
TO SPUR ECONOMIC GRPéEV(;';lI*{IUM

Executive Office of the President
Prcsxdc?t’s Council of Advisors on
Science and Technology

JULY 2012

5;—\5 ;
£ B
5

3 ﬁ\}\’?




First Principles ol

All Spectrum should be usable by someone
— No exclusivity in any tier

— Same spectrum may be simultaneously used by multiple carriers in a city,
within buildings by an enterprise, and in homes in suburbs

Licenses provide protection, but not the right to exclude other users

Management through cloud-based micro-transactions to reduce

“Viscosity”, costs, delays and provide certainty

— No lawyers, lobbyists, politicians, opposing filings, hearings...

— Spectrum Access System to “Hide” Complexity of Spectrum Sharing
Regime

Everybody competes, and forever!

— Auctions, limited periods with rebidding, SAS suppliers, ...

Same Operating Limits for Protected (Priority) users and Unprotected
(GAA) — no viscosity to move between

Some spectrum should be guaranteed to unprotected use to reduce
the risk to deploying in this model



Right First Principles, even at

a
the Start ! S
Exclusion Zones Protection Criteria
Geographic Exclusive Use Protection to Deployed

Networks/Devices

Stacking “Engineering Margins” Better Understand, and Reduce

Propagation Tool Uncertainties

Limit Device Capability to Address Manage Aggregation through

Aggregation Admission Control
Protecting Secondary Users from Inform, but leave Decision to
Interference Secondary users & Technology

Not All of these Principles are in Place
Yet; Work Still Needs to be Done!




PCAST Proposed Two Levels of
Secondary Sharing

Primary to Secondary Secondary to Tertiary
High QoS Service :
Carrier Offload :

qm
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How the SAS Works

* Devices/Networks Register with SAS to obtain
Spectrum Access

— Deconflicted with Federal Users

— Deconflicted with other Protected Secondary
Devices/Networks

* Higher Tier Users can Bump Lower Tier Users
— Federal Use forces relocation of all Secondary's
— Priority Users force GAA users to other channels

e Minimum Amount of GAA spectrum to ensure
that no Devices are Pushed out
— Unless Feds reclaim entire band



Meters

SAS Manages Multiple Tiers with “Use it, or
Share it” Principles

qm
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3 GAA nodes relocated to de-conflict with PA
users

Several GAA users can still use the full band
without conflict with PA users

5 PA users not provided an assignment due to
conflicts with other PA users

Unassigned PA users can either use GAA
spectrum or can adopt coexistence
technologies



SAS Enables Aggregation Protection

Without aggregation

Meters
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A nodes would not have been valid,

even singly.
Node B consumed most of the

incumbent out-of-band interference

tolerance, so C Nodes are
excluded, protecting the primary
user.
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Spectrum Access Systems
Revolutionize Spectrum Management

e Google Production SAS.:

— Protects federal incumbents from secondary users and
protects for Priority Access (PA) from GAA interference.

» Uses the same technology to protect federal
Incumbents and PA users. (No additional technology
challenges are presented by implementing third tier of
access.)

— Accounts for aggregation effects.

— Protects from co-channel and adjacent channel
Interference.

— Accounts for in-channel and out-of-band emissions.

— Support technology-specific optimizations between
spatially and spectrally adjacent users. (For example,
ASA/LSA systems can be used within protection
perimeters of PA licensees.)




Buying Protection is an Economic
Decision, not Technical

« Same Devices can be GAA (free) or PA (by auction)
« Both have same rights (power, elev., bandwidth)
 No Need to “Buy” spectrum in order to operate

e Decision to “Buy” driven by
— Your Revenue from the Device/Location
— Degree of Congestion
— Interference Tolerance of Your Technology
— Your Risk Tolerance

 Can Re-Evaluate Periodically and Enter Auction if
Needed

o Spectrum “Ownership” is not a Perpetual Right

Reduce Spectrum “Viscosity” to New Services,
Technologies, Business Models, ...




Why 3 Tiers Is So Important!

Same technology/equipment can be used by
carriers and traditionally unlicensed users
Eliminates spectrum as a partition among
service models, technologies

Enter the market without cost/delay of
obtaining perpetual, exclusive use licenses,
and scale that deployment

Equipment is not orphaned when it looses In
an auction

Together with shorter term licenses, provides
flexibility for new uses to enter, and scale




New Types of Ecosystem
Created by Three Tiers

qm

* Enterprise — Integrate LTE within Enterprise
Networks, replace “Desk Phones”, DAS, Wi-Fi,
and provide neutral host service

« 3 Party Wireless- MVNO, and 3" Parties can
offer high density area coverage from existing
backhaul, siting and power and lower cost
than Macro bandwidth

e Consumer — Adopt security, seamless
operation of LTE for residence

Everyone Benefits from a High Volume Market—
Carriers, Enterprises, Consumers




Comparison to ASA/LSA Qi

o 2nd Tier Use is Similar to ASA/LSA

— Geographically-defined area of exclusive
protection(rather than use)

— 2" Tier Licensees deploy however they want ) subject
to primary) and SAS moves any other users out of
their way

— Proxy (NMS) can Handle all Tier Management

« 3 Tier is New Opportunity
— Assures all spectrum is available for use
— Low demand areas may flexibly be used as 3" Tier

— Minimum 3" Tier spectrum assures all investments
protected

— Technology Neutral



“Federated Networks”

 Networks (LTE) inherently provides a single
layer of management control

— Hierarchical in implementation

* Provide multiple levels of “sovereignty”

— Owning network retains control, and explicitly
agrees to cede control of only certain aspects

— Only cedes control when advantageous to its
Interests — Not charity
e Refactors LTE decision making to have
decisions made “within” or “above” the
conventional NMS/EPC



High Level 3.5 GHz Network
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Propagation Research Qi

Paucity of real data on propagation above several GHz
— Models sometimes make no common sense

3.55 Band is largely unoccupied in the US

We are leveraging this to create a massive database of
propagation measurements

Focus is on developing discrete models of real clutter
environments

— Leverage emerging Geo databases for path detall
Collected 500,000 individual measurements in urban
environments

— Objective: 1 million+ points in typical 3.55 use environments

Plan to make publically available, along with path
metrics (building entrances, transit, tree count, ...)



WinnForum Role QR

 WinnForum SSC is Venue for Establishing
Standards for 3 Tier Spectrum Operations

— Includes the 4 US Carriers, Nokia, Alcatel-Lucent,
Erickson ,Qualcomm, Huawel, Intel, Google,
Federated, ...

— Developing Implementation Policies for FCC, interface
standards (SAS to Device and SAS to SAS)

— Highly active Group, with 4 bi-weekly Working Group
calls, weekly Steering Group, every 6 week face to
face meetings

— Steady Progress on key Specs, such as SAS to
Device/Proxy, SAS to SAS interfaces, certification and
authentication authorities, protection, ...



Optimal Spectrum Sharing Is a
Long Term Process

qm

T et

Interference “Open Loop” Prediction, “Closed Loop” Measurement
Management Leaves lots of risk margin

Technology Work with “the Systems  Transition to Systems
we Have, Now” Designed for Shared
Spectrum Environment
Interference Unknown, Unpredictable, Predictable Interference
Thresholds or Unstable Tolerance and Mitigation

Management Centralized (Data Base) More Decentralized, Self-
Organizing, Devolved

We can not get all of the Engineering Optimalat the
start, but we can get the fundamental principles right!




Summary qm

10 Years — Dynamic Spectrum Sharing has
moved from Academia to Policy (in US)

New Spectrum Approaches Can Fundamentally
Change the Nature of Networks, and Services

New technologies to integrate:
— Interference tolerance

— Economic models of purchasing protection vs.
accepting interference

— Incremental and Opportunistic Wireless Services
— Mix of database and local decision-making
— Trades between sensing and knowledge driven
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