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Today’s Agenda

Morning

• 10:00 – Welcome & Agenda Overview

• 10:30 – Significance of PAWR Program

• 11:00 – RFP Walk-through
– Guiding principles/Research vision

– Platform vision

– RFP requirements

– Spectrum requirements

• 12:30 – Lunch and “Lightning Talks”

Afternoon

• 2:30 – Technical Discussion
– Architecture framework

– Services framework

• 3:00 – PPO Role & Organization

• 3:30 – Q & A

• 4:00 – “Office Hours”

• 5:00 – Networking and Team-building
Break

Tweet your questions to: @US_Ignite and
use the hashtag #PAWRQA
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Meet the PAWR Project Office

Strong Project Management Strong Expertise in Wireless Networking

PAWR Project
Director

Bryan Mikesh

US Ignite

Technical
Program
Director

Abhimanyu
(Manu) Gosain

Northeastern
University

Co-PI for
Oversight

William Wallace

US Ignite

Co-PI for
Management

Joe Kochan

US Ignite

Research
Director

Tommaso
Melodia

Northeastern
University

Academic
Outreach
Director

Kaushik
Chowdhury

Northeastern
University

Co-PI for
Platform

Implementation

Stefano
Basagni

Northeastern
University

Consortium
Director

Nick Maynard

US Ignite

Community
Director

William (Bill)
Maguire

US Ignite

Finance
Director

Nancy Jemison

US Ignite

Engineering
Director

Senthil
Veeraragavan

US Ignite

PAWR Project Office Organization
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Level-Setting: PAWR Approach

Attribute Approach

Problem Definition Enhanced efforts of ~400 university researchers who need mid-scale
testing capabilities to ensure success

Early Industry Involvement Multi-use research platforms with “pre-competitive” research topic
areas selected bottom-up by university PIs, with industry input

Research Scope Mid-sized areas within cities, experimental platforms, 10-20 antenna
sites, backhaul, SDRs

Flexibility and Speed 1 - 2 platforms per year in years 1 and 2, followed by a 4th in year 3

Streamlined governance,
deployment, and operation

One governance consortium focused on upfront research and policy;
city/university teams propose how to streamline deployment and ops
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• NSF historically funds over $50M annually in fundamental, pre-competitive
wireless research

• This research could be greatly strengthened if:
– Researchers had access to mid-scale, end-to-end research platforms

– Industry collaborated earlier in helping to define and focus research areas

Problem Statement: Bridging the “Valley of Death”

Discovery
Basic
Research

Applied
Research

Product
Development

Production

“Valley of Death”

Corporations
Universities
and National
Laboratories
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GUIDING PRINCIPLES/

RESEARCH VISION
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OBJECTIVES

Challenges
Too often research results
don’t make it out of the lab

Large gap between basic
research and industry Experimental Research in Wireless:

Small scale, ad hoc and disconnected
platforms, lack of rigor, results not
reproducible

PAWR Vision

What is the PPO trying to do?

PAWR is an unprecedented opportunity to change this state of affairs!

Create evidence-driven community of wireless
experimenters with shared culture and high
standards

Foster innovation through involvement of local
communities

Bridge gap between academic research
community and industry
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Drivers for

success

PAWR Guiding Principles

Interoperability

• Prevent silos within research
ecosystem

• Well-defined interfaces

• Interconnection with other PAWR
platforms

Open Access

• Accessible by the research
community

• Fairness in access

Diversity

• Broad range of topics

• spectrum, mmWave, internet of
things, wide-area wireless backhaul,
measurements etc.

Programmability

• Programmable at multiple levels
(e.g., radio, resource allocation,
backbone)

• Clearly defined interfaces and APIs.

Usability

• Low learning curve, even if “open”

• Operable by BS technical level

• Reprogrammed by Advanced Users

Reproducibility

• Platforms setup, maintained,
documented

• High scientific standards

• Accuracy and repeatability
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Sustainability

Long-lasting
Platforms with

Strong Research
Impact

Platforms need to be based on
sound operational/financial
models that will guarantee
sustainability beyond 5 years of
initial funding

A community that facilitates low-cost
access to wireless infrastructure such as
low-cost real estate and backhaul while
streamlining permitting processes will
make available additional funds for the
purchase of advanced wireless
equipment

Modular, extensible, platforms
that can be upgraded over the
years
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PLATFORM VISION
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Platform Development Timeline

PAWR
Award

Early
2018

FCC Experimental
Program License/

Innovation Zone License

Site Locations

Hardware + Software
Infrastructure

Long Lead Time

Mid
2017

Late
2018
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Platform Development Trade-Off

Innovation
Agility

Longevity

Stability
Usability

Tight
Integration

(t)T
im

e
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Role of Key Personnel

Day-to-Day Operations
Maintenance
Experimenter Support
Management

Innovation
Research
S/W Development
H/W Development

Operational Staff Research Staff
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RFP REQUIREMENTS
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• Expression of Intent to Submit proposal (optional)
– May 8, 2017

– Please submit your team’s intent to submit: http://bit.ly/Intenttosubmitproposal

• Preliminary Proposal (required)
– June 1, 2017, 6pm Eastern Time

• Full Proposal (required)
– July 31, 2017, 6pm Eastern Time

• Finalists announced
– No later than October 2017

– Site visits to be completed by the end of 2017

• Winner(s) announced during the first quarter of 2018

Key Dates
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• Proposals may only be submitted by the following:
– Universities and Colleges

– Non-profit, non-academic organizations

• Limit on Number of Proposals per Organization: 1

• Who May Serve as Project Director and/or Principal Investigator (PI)?
– Project Directors/Principal Investigators may be affiliated with universities/colleges or with non-profit,

non-academic organizations

– PI on one proposal may not participate in this role on any other proposal, but may participate in other
proposals in another role

– These eligibility constraints will be strictly enforced

Eligibility
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• Joint effort by NSF and a wireless Industry Consortium to create at-scale
research platforms to accelerate fundamental research

• Enables experimental exploration of robust new wireless devices, communication
techniques, networks, systems, and services

• Constitutes an unprecedented opportunity to create and grow an evidence-driven
community of wireless networking experimenters with a shared culture and high
standards

Program Description - Overview
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• Support a diverse community of researchers across the country, in both
academia and industry

• Free to focus on just one wireless technology area, but could be flexible enough
to support multiple research areas

• Demonstrate overall community commitment and the level of community
facilities, resources and services made available for the project

• Define users and usage scenarios as well

• Provide Institutional Review Board (IRB) approval if the experiment is using
resources other than just PAWR-provided infrastructure

• Enable creation of novel applications and distributed systems

• Demonstrate how such application areas and services are expected to benefit
citizens in the community and overall economic development

Program Description - Design
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The deployment project plan will not be required for preliminary proposals, but must be
submitted as part of the full proposal

• Required to develop a detailed deployment project plan as part of an overall platform
development plan or “PDP” that will clearly lay out timelines and costs associated with:

– Location and site plans and costs

– Permitting, licensing, and other permissions necessary for deployment

– Partners/vendors responsible for deployment, keeping in mind any federal or local requirements for open
bidding and competition

– Any risks and contingencies that might delay or alter the PDP in any way

• Must include detailed dates, resources needed, partners secured, and tasks associated with
the deployment of the platforms

• Encouraged to optimize end-to-end value by identifying available resources and facilities and
services at the time of the submission of the full proposal

– The PPO, in consultation with the proposers, will incorporate in-kind contributions from the PAWR Industry
Consortium after potential finalists are selected based on the review process

– In addition, the PPO team expects to hold a technical negotiation with platform finalists in partnership with
members of the PAWR Industry Consortium to identify feasible technology contributions

Program Description - Deployment
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The Platform Operations Plan (POP) will not be required for preliminary or full proposals,
but must be submitted prior to final award

• Ensure sustainability of the platforms for the duration of the program and beyond

• Secure local corporate, municipal, or non-profit partners who can provide additional
operational support that will increase the likelihood of long-term success

• Discuss in both preliminary proposal and full proposal how institutions and local community
could support longer-term operation of the platform

– Proposals that describe a plausible plan for sustainability (and usefulness) beyond NSF funding are strongly encouraged

– Financial support for the operation of the platform must be included in the overall budget submitted in the platform proposal

• Provide a detailed Platform Operations Plan (“POP”) that will outline the management and
financial needs to ensure that the platform remains operational through and beyond the
program duration

Program Description - Operations
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Award Information

Over the next three years, additional platforms for
advanced wireless research are anticipated, for a total
of up to four such platforms. Subject to the availability
of funds and quality of proposals received, NSF
anticipates contributing $50 million in cash and the
corporate members of the Industry Consortium
anticipate contributing in-kind support of approximately
$50 million

• Anticipated Type of Award:
Subaward Agreement

• Estimated # of Awards: Up to 2

• Anticipated Funding Amount:
Approximately $20,000,000 in cash
and in-kind contributions per
platform over five years for this
RFP, subject to the availability of
funds/contributions
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Proposal
Requirements

Preliminary Proposal (due June 1, 2017)

Project Description (max 8 pages)

• Vision and Technical Merit (max 2 pages)

• Research Community (max 2 pages)

• Community Engagement (up to 2 pages)

• Alignment with PAWR Vision (up to 1/2
page)

• Preliminary Implementation Plan (up to 1
page)

• Preliminary Sustainability Plan (up to 1/2
page)

Team Qualifications

• 2-pages per PI and co-PI/senior personnel
– three co-PIs/senior personnel maximum

Full Proposal (due July 31, 2017)

Project Description (max 30 pgs)

• Platform vision (max 3 pgs)

• Platform Technical Architecture Design (max 4 pgs)

• Description of research community support and new research to be uniquely
enabled by the platform (max 3 pgs)

• Description of engagement among academic researchers, industry, and the local
community (max 3 pgs)

• Alignment with the PAWR vision (max 3 pgs)

• Platform Development Plan (max 6 pgs)

• Sustainability Plan (max 2 pgs)

• Risk Mitigation Plan (max 1 pgs)

• Management Plan, Organizational Structure, and Project Staffing (max 3 pgs)

• Contributions of Key Personnel in the Past Five Years (max 2 pgs)

Supplemental and Other Information

• Biographical Sketches (max 2 pgs per individual)

• Budget Form

• Budget Justification (max 5 pgs)

• Facilities, Equipment and Other Resources Section (max 10 pgs)

• Data Management Plan (up to 3 pages)

• Letters of Support (up to 2 pages each)

• List of Project Personnel and Partner Institutions

• Current and Pending Support Form
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• Voluntary committed cost sharing is prohibited. Proposers and/or proposing
partners may contribute resources to a given research platform and any
capabilities needed to expedite permitting and other regulatory approvals:

– All such resources must be clearly described in "Facilities, Equipment and Other Resources" section of

– The Budget & Budget Justification should include the total request for funds, including the costs of all
platform equipment and services to be covered by the award (plus applicable indirect costs)

• Finalists selected for site visits will hold an in-depth technical negotiation
with the PPO to secure exact details for proposed deployment and
operation planning

• The final awarded proposal will contain three parts:
– Facilities, Equipment and Other Resources section specifying contributions from the proposer and/or

proposing partners, along with in-kind contributions from the Industry Consortium

– Budget for funding to be provided by NSF, including federally-negotiated indirect costs

– Budget for funding to be provided by the Industry Consortium

Cost Sharing
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• Describe facilities and resources that are available to the proposing team to
support the proposed platform, including, but not limited to:

– Research and development facilities

– Backhaul

– Deployment sites

– Power supply

– Network operations support

– Any capabilities needed to expedite permitting and other regulatory approvals typically required to
deploy and operate wireless networks

• Any community facilities, equipment, and other resources should be explicitly
listed in this section

Facilities, Equipment, and Other Resources
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• For Preliminary Proposals, PPO team will conduct an internal review process vs. merit review
criteria and encourage/discourage full proposal submission

• For Full Proposals, one or more review panels will be convened, based on well-established NSF
merit review procedures:

• Drawn from academia, industry, community, and the government sector
• Names will not be released beyond the PPO
• Assigned to each proposal based on expertise and pursuant to conflict-of-interest rules
• Provide recommendations to the PPO Project Director, who will collaborate with PPO team to put forward site visit

candidates to NSF and the Industry Consortium

• The PPO team will work with the finalists and the PAWR Industry Consortium during the site
visits to identify feasible technology contributions

• Based on these site visits and additional technical negotiations with the finalists, up to two winning proposals will
be selected

• Appropriate subawards of cash and in-kind contributions will be administered to the two winning proposals

Review and Selection Process
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Merit Review Criteria (1-3)

• Is the research platform focused on disruptive, transformative technologies and
applications instead of incremental approaches?

• Is the platform design well motivated?

• Do the proposers demonstrate awareness of existing academic and industry
testbeds?

• If so, does the platform complement such existing testbeds?

• Is the platform development plan technically sound (required for Full Proposal only)?

1. Vision and Technical Merit

• Does the plan show commitment and evidence of capability to attract a broad and
diverse group of academic and industry researchers in both the short and long term?

• Is there broad research community support for the proposed platform? Who are the
early users?

• Will new transformative research be uniquely enabled by the proposed platform?

• Does the platform balance the competing needs of short-term vs long-term research
of industry and academic researchers?

2. Research Community

• Is there close alignment with community and other local stakeholders?

• Is there a detailed plan for regular coordination with key stakeholders?

• Is the PAWR deployment connected to the broader innovation and economic
development organizations and plans of the proposed region?

• Does the platform development plan leverage local support for deployment and
operations (e.g., contributed value) – required for Full Proposal only?

3. Community Engagement
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Merit Review Criteria (4-6)

Does the proposal provide convincing evidence that the proposed platform will support:
• Reproducibility of research;
• Usability;
• Interoperability;
• Programmability;
• Open Access; and,
• Diversity

4. Alignment with PAWR Vision

• Does the project team have the right expertise and experience to implement the vision as
well as details of the research platform?

• Does the proposing team have a track record of operating experimental testbeds that can
help assess their ability to manage this project?

• Does the plan follow the timeline suggested by the PPO, with sites operational as soon as
possible and platform fully operational by year 3?

• Is the deployment plan feasible, with clearly designed goals, timelines, and deliverables
(required for Full Proposal only)?

5. Implementation plan

• Are there long-term plans to evolve the platform beyond the 5 years of initial
operations?

• Is the operational model sound? Is it financially sustainable? How will research on
the platform be funded (e.g., user fees, local financial support)?

6. Sustainability
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DEVELOPING EFFECTIVE

PAWR PARTNERSHIPS
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• “The success of the PAWR program ultimately rests on collaboration among
three important stakeholders within the information technology innovation
ecosystem: university researchers, private sector companies, and local
communities.”

• “Academic institutions and non-profit organizations such as local communities
are strongly encouraged to form teams to respond to this RFP in order to
adequately achieve the goals of the PAWR program.”

• “Teams comprised of both academic and institutions and local non-
profit/community leadership will be considered the strongest and most
sustainable teams.”

Language Regarding Partnerships in the
PAWR Request for Proposal (RFP)
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Vision for Effective
PAWR Partnerships

PAWR OBJECTIVES

Academic
institutions

Technical know-how
and experience

administering wireless
research platforms

Local
Communities

Project
implementation

support, community
stakeholder
engagement
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Benefits of Participation in PAWR Program

Benefits to Academic Researchers

• Access to at-scale wireless research
platforms

• Expanded opportunities to access wireless
research funding from NSF, Federal
Agencies and Non-governmental sources

• Enhanced potential to advance the
commercial readiness of an experimental
wireless technology or innovation

• Opportunity to engage industry and
develop research projects with industry
input

Benefits to Local Communities

• Millions of dollars of direct investment in the
economy of a community hosting a PAWR
platform

• Recurring economic benefit from industry and
government-funded research on PAWR platform

• Potential for job creation as wireless companies
opt to locate a base of operations in communities
hosting PAWR platforms

• Opportunity to test and refine innovative
approaches to community services utilizing
wireless technologies

High visibility research that impacts communities
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Community Engagement is one of the six merit review criteria used to evaluate proposals during
the Preliminary and Full Proposal phases.

Start the discussions early:

• Community administration and academia operate under different timelines, rules, and
procedural steps

• Consider both the value of research outcomes and citizen privacy

• Detailed criteria listed under “Merit Review Criteria”

Important to demonstrate how a local community is providing support for the
proposed PAWR platform.

Reviewers will Assess “Community” Engagement
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Effective Partnerships:
How can the PPO help?

PAWR PPO

Academic
institutions

Resource for researchers
with respect to outreach to
local community leaders
and can help “make the

case” for PAWR
participation

Local
Communities

Resource to local
community leaders with
respect to outreach to

community stakeholders,
etc.
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Community Examples

Geographical separation must be justified and explained in proposal.

Community with Wireless Experts

Comm.
A

Wireless Experts
in Comm. A or B

Comm.
A

Comm.
B

Wireless Experts
in Comm. B

?

Wireless
experts

Community
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Examples of Support

Yes!

• Making sites available for base station
installations

• Creating “maker spaces” for city-wide teams to
converge and plan development/research

• Accelerating licenses and permits for
deployment of technology in specific areas

• Sharing data that may influence the platform
design and application/service focus

• Engineering support toward platform
installations on site

• Donations of equipment

No!

• Contributing $ towards platform
development

• Covering salaries for the academic team,
engineers associated with external entities

Voluntary committed cost
sharing is prohibited. Enabling
facilities/ equipment/services
are encouraged.
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Users, usage scenarios and policies

that facilitate and support user

participation

Illustration of the Importance of Cooperation between Academic Institutions
and Local Community Leaders: IRB and Privacy Considerations

At-scale experimentation
within the PAWR program
requires more than the
infrastructure

Proposers are encouraged to

articulate how user participation will

be encouraged on their platform!

Support a critical density of
users related to a specific
research area.

Additional policies that protect the

privacy and security of residents in

communities hosting PAWR

Platforms

Institutional Review Board
(IRB) considerations

May cover experiments that collect

radio level or network level data.

Platforms develop new
privacy and security policies
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• Maintaining a repository of companies, academics and local community leaders
with an interest in PAWR

• Facilitating connections for wireless researchers and local government leaders in
their university’s host community

• Providing list of private companies with an interest in PAWR to wireless
researchers and local community leaders.

PPO Efforts to Facilitate Partnerships and Teaming
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PPO Outreach Team

Academic Outreach

Kaushik Chowdhury

Northeastern University

krc@ece.neu.edu

Abhimanyu (“Manu”) Gosain

Northeastern University

agosain@coe.neu.edu

Local Community Outreach

Bill Maguire

US Ignite

william.maguire@us-ignite.org

Industry Outreach

Nick Maynard

US Ignite

nick.maynard@us-ignite.org
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TECHNICAL DISCUSSION
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Research Focus Areas

Flexible enough to enable multiple verticals, not
limited to:

• Spectrum Sensing

• Dynamic spectrum sharing

• SDN, NFV, Edge Computing architectures

• Security

• Cellular, WiFi,802.X wireless technology

• Network performance, measurement and analytics
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Architecture Elements

PAWR Site Elements:

• Programmable Wireless (RF, Baseband) Substrate

• Wireless and/or Fiber backhaul

• Software configurable edge infrastructure (SDN, NFV)

• Modular Hardware; extensible; BYOD

• White-Box and Black-Box User Equipment

RFP
Each compliant full proposal should
describe how at least 10-20 sites will be
deployed over the initial five-year period-
of-performance, in multiple locations, with
at least 4 radio sites and 2 local cloud
computation sites operational by 12
months after award and the complete
build out including all sites and local
cloud implementations operational by the
third year of the award date
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PAWR Deployment Plan

ONLY REQUIRED FOR FINALISTS

• Deployment Size Time to become operational.

• Significance of Topologies enabled.

• Incremental Deployment schedule.

• OPEX exceeds CAPEX. Budget accordingly.

• Time or geographical sharing of environment.

The Platform Development Plan
(PDP) is the section that describes
activities, budget, and schedules for
all design, deployment, and
operations activities relating to the
advanced wireless research
platforms
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PAWR Operations Plan

ONLY REQUIRED FOR FINALISTS

• Setup Network Operations capabilities.

• Budget Dedicated staff to manage operations.

• Responsible for compliance and maintenance.

• Interface with experimenter community.

• OPS team are lead users and platform experts.

The Platform Development Plan
(PDP) is the section that describes
activities, budget, and schedules for
all design, deployment, and
operations activities relating to the
advanced wireless research
platforms
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PAWR Services Framework

Physical &
Virtual
Resources
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• Account and Identity Management

• Spectrum Use Coordination

• Experimental Lifecycle Management

• Namespace and Data Model Management

• Federation with other research platforms

PPO-Provided Services

Corporations

During the full proposal writing stage,
PPO believes that the proposers will
each discuss with the PPO, where the
implementation work for the services
framework is most easily performed.
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Industry In-Kind Contribution

RFP

Equipment at the radio site, at edge sites (e.g., IP aggregation equipment), at the core,
supporting network testing, end-user devices, as well as engineering design services,
cloud services, and deployment cost offsets at the radio site, edge, and network core
(e.g., backhaul, site rental on a community-by-community basis. During proposal
preparation, proposers should not feel constrained to use only this set of equipment and
services from the Consortium.

• Finalists selected will receive comprehensive technical details and cost
information about equipment and services sponsored by consortium
members.

• Finalists selected for Reverse Site Visit will hold a technical negotiation to
leverage pre-commercial and custom equipment/services, if feasible.
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Sample Technical Negotiation
I have a really cool idea about a fully autonomous spectrum management
application

I want to develop a custom radio that has more processing power on the
sensing channel; maybe GPP on the radio

That is cool. I have a radio that supports that

I don’t know about that. Adding multi-core processor might take 12-18
months and cost $XXX,XXX.
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PPO Technical Team

Abhimanyu (“Manu”) Gosain

Northeastern University

agosain@coe.neu.edu

Kaushik Chowdhury

Northeastern University

krc@ece.neu.edu

Stefano Basagni

Northeastern University

basagni@coe.neu.edu

Senthil Veeraragavan

US Ignite

senthil.veeraragavan@us-ignite.org

Tommaso Melodia

Northeastern University

melodia@ece.neu.edu



50

PPO ROLE & ORGANIZATION
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Proposer Compliance and Policy Considerations

Federal Compliance
Budget Justification

• Procurement Management Policies and
Procedures

• Financial Management Policies and
Procedures

• Necessary, reasonable, allocable, and
allowable costs and cost estimates

Required resources: 2 CFR 200 Uniform
Guidance, FAR Part 31, NSF Proposal and
Award Policies and Procedures Guide

Strong Project Management
Section X: Contributions of Key Personnel

• Experienced Project or Construction
Management

• Microsoft, Primavera or other project planning
software

• Earned Value Management

• Project Management best practices

– For example, Risk Management Plans, Change Control
Policies, Acquisition Plans, etc.

– Risk adjusted project costs and schedule

• Helpful resource: NSF Large Facilities Manual

• Incremental funding based on successful
milestone achievements
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Measures of Success

Success

• Collaboration among three important
stakeholders within the information
technology innovation ecosystem:

– University researchers

– Private sector companies

– Local communities

• Sustainability of the platforms for the
duration of the program and beyond is a
critical factor in the success of the PAWR
program

Metrics and KPIs

• Planning and Schedules

– We have a plan from RFP through Award

• Tasks and Deliverables

– We operate to an approved GANT

• Budgets and Variations

– We are held accountable to 5% variations

• Technology and Vision

– Partner to select the best

• Launch and Operate
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Appendix
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Value Propositions

Industry

Take advantage of 4 simpler, flexible, multi-use research platforms
staged over 3-5 years, to shape fundamental wireless research by:

Helping to select best, most flexible research platforms
needed to meet researcher and industry needs

Helping to shape research topics covered by 50% of
research time funded by NSF and other agencies, plus
gaining preferential access to those research results, 6
months ahead of time

Gaining preferential access to research time for proprietary
company research on these large platforms covering the
~50% of remaining research time (with Founding Members
getting more access times than others)

Focusing research to increase number of potentially
disruptive research efforts and speed time-to-market

Expanding pool of wireless experts through education,
training, and nurturing of today’s students

Research Community

Enhancing ability to guide researchers’ efforts with
industry as equal partner in line with industry trends and
expressed topic areas of interest

Speeding up transfer rate from university research to
industry end users

Communities

Building core wireless capabilities through creative
university partnerships

Attracting government and company research funding
and local wireless jobs

Utilizing advanced wireless capabilities to enhance city
services
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Value Propositions (con’t)

Together, achieve fundamental research breakthroughs similar to past/recent successes, e.g.:

Wireless Massive MIMO + full duplex Emerging 5G ecosystem

Key Breakthrough Beneficiary

Networking SDN Muliple vendors

Database PageRank Google

Coding Theory CDMA Qualcomm

Research Area
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40 
district offices 

 

A national footprint matched by our local presence 

Local presence supported by national resources 

Who is Crown Castle? 

• Largest shared wireless infrastructure provider 
in the USA 
• 40k towers 
• Access to 25k rooftops 
• 25k small cells 
• 28k fiber miles 

 
• Office Locations: 

• Corporate Headquarters – Houston, TX 
• Operations – Pittsburgh, PA 
• 40 District Offices 
• 2,700 Employees 
 

• $3.4B+ in Annual Revenue* 
• $43B+ Enterprise Value** 
• NYSE S&P 500 

 
*    Full Year 2017 Outlook Site Rental Revenues 
**  As of 2/15/2017 

District Management 

District Market Team 

Area Management 

National Management 
 & Support 
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Why PAWR Is The Right Path 

1. Establish the US as the leader in advanced wireless deployment. 

 

2. Encourage an open architecture that enables scaling and innovation. 

 

3. Create an environment where multiple entities can openly collaborate to advance 

wireless research and commercialization in the real world. 

 

4. Advance Public-Private Partnerships that span universities, municipalities and 

corporations. 

 

5. The engine that fuels our economy and Smart Communities. 
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What Crown Can Do For You 

1. Crown has an extensive network of neutral-host assets throughout the United States 

– towers, rooftops, small cells and fiber. 

 

2. Crown is a leader in deploying networks with a deep understanding of real estate and 

permitting requirements that are required for both budgeting capital and time. 

 

3. Crown understands through experience how to effectively collaborate with many and 

diverse partners, including universities, municipalities and corporations. 
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Members: 
Carnegie Mellon University, Deutsche Telekom; Crown Castle, Nokia, Intel, OEC 

Current involvement in testbed environments 
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Thank You 
FOR FURTHER INFORMATION  
PLEASE CONTACT:  

Rebecca Hunter 

Corporate Development & Strategy 

Rebecca.Hunter@crowncastle.com 

425-591-9356 mobile 

mailto:Rebecca.Hunter@crowncastle.com


© 2017 InterDigital, Inc. All Rights Reserved.  

Significance of PAWR Program 
Fred Schreider  
Sr. Director  



• For over four decades, InterDigital 
has been a pioneer in mobile 
technology and a key contributor 
to global wireless standards.  

• Since 2000, InterDigital has spent 
close to $1 billion on technology 
research and development. 

• The company’s activities are 
organized around the concept of 
the Living Network: a future where 
intelligent networks self-optimize 
to deliver service that is tailored to 
the content, context and 
connectivity of the user, device or 
need. 

© 2017 InterDigital, Inc. All rights reserved.  

Montreal, QC (R&D) 

London (R&D) 

Seoul 

Buffalo, NY 
Melville, NY (R&D) 

Conshohocken, PA (R&D) 
Wilmington, DE (HQ) 
San Diego, CA (R&D) 
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Capabilities to Support PAWR 



Views from the 5G Berlin Testbed 
3 EdgeLink mmW Nodes –  

across the HHI and Berlin Technical University campuses 
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185 meters 

140 meters 

95 meters 

Indoor Lab Deployment 

Outdoor Antenna Installation 



PAWR Benefits 
• Industry Benefits 

• Addressing significant pre-
competitive research challenges not 
easily feasible for individual 
companies 

• Creating city scale real-time testing 
environments to accelerate wireless 
and networking technologies 

• Enhance Industry-academic 
partnerships 

• Help to sustain US leadership by 
shaping and securing funding for 
fundamental wireless research 

© 2017 InterDigital, Inc. All Rights Reserved.  4 

• InterDigital Benefits 

• To continue our heritage as a 
thought leader in 5G  by 
collaborating  with world class 
Universities and Industry in the US. 

• Promote and expand the US as a 
leader in mmW and 5G technology 

• Bring our leadership and experience 
to PAWR having worked with EU 
funded  H2020 projects 

• Opportunity to deploy and test our 
technlogy in real-world 
environments. 
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Thank You 



SIGNIFICANCE OF PAWR PROGRAM 



ni.com 

Wireless Research Initiatives 
From Design – Prototyping – Test 

James Kimery 

Director of Marketing 

 



NI SERVICES AND SUPPORT 

NI MODULAR HARDWARE 

PLATFORM APPROACH 

THIRD-PARTY SOFTWARE THIRD-PARTY HARDWARE 

NI PRODUCTIVE 

DEVELOPMENT SOFTWARE 

WEB SERVICES 

PYTHON 

C 

The MathWorks, Inc. MATLAB® 

.NET 

VHDL 

AND MORE 

 

ARDUINO 

ETHERNET 

USB 

GPIB 

SERIAL 

LXI/VXI 

AND MORE 

MATLAB® is a registered trademark of The MathWorks, Inc. 



Bristol is Open 

 City wide initiative utilizing deployed fiber connectivity 

 Mix of technologies and experiments – from sensors to smart phones 

Open Programmable City 



Eiscat 
World’s largest deployed radar array 

 Thousands of deployed 

SDRs over wide geographic 

region 

 Each receiver is software 

configurable / programmable 

 Multi-year project to enable 

new research and 

understanding of ionospheric 

conditions 



DARPA Spectrum Challenge, SC2  

 256ch x 256ch Emulator  

 128 challenger stations 

 System is completely software 

programmable and reconfigurable 

 3 year competition 

 Up to $7M in prize money 

World’s Largest Channel Emulator 





Addressing Spectrum Challenges
Streamlining Efficiency with the

New Program Experimental
Licenses

Walter Johnston, Chief-EMCD/OET

FCC

PAWR Proposers' Day
The views expressed herein are those of the author
and may not necessarily reflect those of the FCC



FCC Spectrum Management

• Defines rules for commercial use of RF spectrum
• Power limits, Spectral mask, areas of permitted operation, permitted services, etc.

• Two broad classes of spectrum use
• Licensed

• Authorized user has assigned license permitting right of use of indicated spectrum
• Protection from interference
• Requirement to conform technical, operational and service requirements

• Unlicensed
• Any user authorized to use indicated spectrum w/o license assignment
• Requirement to conform to technical specifications

• Enforce proper use of spectrum
• Enforcement Bureau takes action against

• Interference incidents caused by authorized use of spectrum
• Interference caused by violation of terms of use – most dominant case



FCC Goal to Support Innovation

• Receive advice on innovation areas/issues from various sources
• Advisory groups

• Other National/International regulatory bodies

• Frequent meetings with industry representatives

• Public proceedings

• Discussions can lead to policy change, regulatory rule change,
spectrum allocation

• Historically important foundation for innovation has been the
Experimental License



Experimental License

• Experimental License
• License to use radio frequencies otherwise not granted to or held by applicant

• Can permit RF operation in manner not permitted by current regulations
• Power, bandwidth, application, location, type of service, …….

• Purpose
• Promote innovation & research

• Support product/service development process

• Allow RF operations necessary for certain business processes (e.g. EMI
testing)



Experimental License Process

• Applicant files for experimental license
• Purpose and operational characteristics described
• Application is coordinated with FCC Bureaus/Offices responsible for existing commercial

license stakeholders and/or with NTIA for federal frequencies
• Examination of application to determine potential for harmful interference to existing

stakeholders or if other impediments exist
• License can be granted for almost any frequency/purpose or with any technical parameter

provided no interference to licensed operation

• License granted
• Periods of 6 months, 2 years, 5 years (uncommon)
• Conditions often attached to ensure minimal impact
• Licensee may cause no harmful interference to commercial/federal licensed users and must

accept all interference from other parties
• License can be cancelled at any time by FCC
• Licenses take, on average, 4 to 6 weeks to grant



Experimental License

• FCC maintains a low bar for experimental license
• Our purpose is to encourage innovation

• Objective is to grant the license unless precluded othewise

• Generally do not question business or research purpose, service type,
expectation of success

• Main criteria is potential to interfere with licensed services

• Generally all radio technologies and services developed in U.S. have
benefited from experimental license



Process Issues for R&D Institutions

• Each experiment requires separate license
• Many experiments = Many Licenses

• Some institutions (e.g. universities) may not be familiar with application
process and may lack ‘tribal knowledge’ due to fluidity of staff

• ‘Seek consent of license holder’ condition can prove onerous
• Seek consent requires applicant to obtain consent of license holder before operation
• Ensures protection of license holder and is commonly applied
• Consent may not be withheld without cause

• FCC retains authority to over-ride this condition if consent held without cause
• It can be a significant burden to identify, communicate, and negotiate with parties to

obtain consent
• Where consent is unreasonably withheld, mediation by FCC can take months

• When it works it works well, however the ’corner cases’ can be difficult



Program License

• New license defined to support needs of R&D organizations
• Intended to further streamline experimental process for R&D organizations
• Recognizes that many R&D institutions control the space within which experiments occur

• Campuses, test ranges, etc.

• Risk of interference is minimized within such controlled spaces

• Program License
• Grants general authority to conduct experiments in defined geographic area
• Specific experiments must be described and posted on new FCC program license website
• Website permits inspection by public and automatic notification by triggers on experiment

characteristics to interested parties
• If no objections received within 10 day period (15 federal frequencies), applicant is

authorized to proceed
• Report on experiment including any interference incidents must be posted on website within

30 days of experiment termination



Program License Benefits

• Lower overhead per experiment application

• 4 to 6 week interval reduced to 10/15 days

• Potentially affected licensed parties must
• Self-identify
• File objection for cause

• Paradigm shift
• Experimenter has a presumptive right to proceed subject to valid objections for cause
• Prior: experimenter had to seek stakeholders and negotiate for permission

• Stakeholders could range from one party to many
• Actual stakeholders may be obscured thru lease or other business arrangements

• What remains:
• Obligation to avoid creation of harmful interference
• Obligation to accept any interference from authorized operations



Eligibility

• College or university with a graduate research program in engineering
that is accredited by the Accreditation Board for Engineering and
Technology (ABET)

• Research laboratory

• Hospital or health care institution

• Manufacturer of radio frequency equipment; or a manufacturer that
integrates radio frequency equipment into its end product.



Obligations of Licensee

• The radiofrequency experimentation will be conducted in a defined
geographic area under the applicant's control

• The applicant has institutional processes to monitor and effectively
manage a wide variety of research projects

• The applicant has demonstrated expertise in radio spectrum
management or partners with another entity that has such expertise

• Applications must specify a geographic area that is inclusive of an
institution's real-property facilities where the experimentation will be
conducted and that is under the applicant's control



Program License Not Permitted When:

• An environmental assessment must be filed

• An orbital debris mitigation plan must be filed

• Applicant requires non-disclosure of proprietary information as part
of its justification for its license application; or

• A product development or a market trial is to be conducted.

• In above cases, a regular experimental application may be filed



Medical Testing Experimental License

• Similar to program license with some adjustments to account for
unique needs of medical device testing

• General license covering geographic area

• Notification requirements (10/15) remain same

• Differences
• Market trials permitted

• Yearly reporting requirement rather than by experiment



Innovation Zone

• A specified geographic location

• Pre-authorized boundary conditions (such as frequency band,
maximum power, etc.)

• Created by the Commission on its own motion or in response to a
request from the public

• Innovation zones will be announced via public notice and posted on
the Commission's program experimental registration Web site.

• Stimulus was concept of “model city” where experiments occur in-
situ in some common area



Innovation Zone Participants

• Must have program license
• All conditions of program license apply

• Innovation Zone is the defined geographic area for the program licensee
Innovation Zone participants

• Experiments must be consistent with boundary conditions defined for
Innovation Zone



Status

• Availability dependent upon new program license website

• Program license website available to public
• Beta testing with NYU Tandon School and Univ. Colorado/Boulder

• Public Notice on 4/14/17 announcing availability
• https://apps.fcc.gov/edocs_public/attachmatch/DA-17-362A1.pdf


