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Disclaimer

The opinions expressed here are those of
Dr. Burger and do not necessarily reflect the
positions or policies of the FCC or the
current or prior Administrations.

2



Research 
Enterprise

There’s a Business There, 
Scale to Meet Demand

Business Case, Looks Like a Business

Think it Might Work, 
Some Uses Identified

Highly Speculative, 
Science for Science Sake

Mfg
at

Scale

Product 
Development

Applied Research

Basic Research

From Ideas to Market

3



Applied Research

Basic Research

Direct Government Involvement: Research
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What We Are Good At

• Basic research leading to new inventions
• Applied research leading to new 

applications
• Capital markets to fund scaled 

companies

Two American woman athletes giving a hug to another after winning the competition by Jacob Lund from Noun Project
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Crossing the Chasm

• Who wants to risk putting critical 
business functions or sourcing 
customer-facing products from 
untested, small companies?

• How does a small company earn the 
trust of large companies to grow?

Worthhog, CC BY 3.0 <https://creativecommons.org/licenses/by/3.0>, via Wikimedia Commons
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CASE STUDY: 5G MANUFACTURING
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5G is Critical Infrastructure
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CC BY-ND 2.0 https://www.flickr.com/photos/nyng/50251238473

Benjamin L. Granucci, http://www.nycaviation.com/2017/08/williamsatc/42944

Photo credit: Steve Kazella, Wikimedia Commons, CC 3.0, 
https://commons.wikimedia.org/wiki/File:MonopoleCellSite.jpg

https://www.jems.com/operations/how-everyday-data-improves-ems-and-patient-care/
Young woman sitting on her couch working 
on laptop by Jacob Lund from Noun Project
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Integrated Manufacturers of 5G Equipment



Supply Chain Risks
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Government’s Answer
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If Not Huawei or ZTE, Then Who?



Was Innovation Elsewhere?

• Underlying technology for 5G invented in U.S.
– Beamforming
–HF used to be 300 MHz. Today it’s over 30 GHz.
– Thought to be only useful for science (Earth observation); U.S. 

ingenuity showed it to be useful for communications
• But…
– Commercialization happened in China, Finland, Korea
–Where are the U.S. companies?
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Is this where government steps in and imposes an 
industrial policy on the private sector?
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3GPP Wireless Network End-to-End Architecture
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What is a 5G Radio Access Network?

Major advances in dynamic flexibility 
and configurability at digital level

Radio band-configurability gated by 
fixed RF components

Significant new RF dynamics enabled 
by Advanced Antenna Systems (AAS)
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5G RAN Evolution – Main New Areas of RAN Dynamics

RU
(RF)

DU
(Realtime 

BBU)

CU
(Non-RT 

BBU)
Packet Core

Radio
Baseband Processing

RAN

EU
(Devices)

Fronthaul Mid-haul Backhaul

Network Slicing
▪ Simultaneous fit to 

varied performance 
& resource needs

▪ Traffic steered to 
best fit cloud level

RAN Disaggregation
▪ Centralization

efficiencies
▪ Facilitates slicing

5G NR URLLC Performance
▪ Short TTIs (timeslots)
▪ Many scheduling

shortcuts & preemptions
▪ Many redundant data 

transmission options

Virtualized RAN
▪ Resource flexibility
▪ Facilitates slicing
▪ Pooling efficiencies

eCPRI Fronthaul
▪ Efficient packet

aggregation
▪ Very stringent latency 

& timing req’ts (TSN)

mmWave Spectrum
▪ Massive capacity
▪ Short ICD, key for high 

densification
▪ Short symbol duration 

for low latency

Integrated Access & Backhaul
▪ Wireless self-backhaul for 

hard-to-fiber sites
▪ Shifts RF patterns somewhat

Advanced Antenna Systems
▪ High gain beamforming & beam steering
▪ Key for mid/high band performance
▪ Introduces dynamic RF environment Radio Components 

beyond AAS
▪ Steady improvement
▪ Modest configurability

5G Device Modems & RF
▪ Ever-expanding multi-

band support
▪ Power challenges

Dynamic Impact
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Disaggregation courtesy 
of NSF-sponsored 
Stanford research



What Is the Role of Government Here?
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What Did the Government Do?

• Explained the threat to the U.S. private sector
• Explained the threat to the international community
• Became a cheerleader for the Open RAN concept
• Encouraged legislation the promoted the Open RAN concept
• Spending real money to move 5G technology and 

applications to market
– $650MM by DoD for 5G test beds
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DoD 5G Test Beds
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VIRIN: 100414-N-ZZ999-001Y

VIRIN: 200321-D-LU733-002

IRIN: 120314-M-HA146-077

VIRIN: 131212-A-NC823-192



What About that Chasm I opened with
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CC BY-SA 3.0 https://en.wikipedia.org/wiki/Silbury_Hill#/media/File:SilburyHill_gobeirne.jpg

CC BY-SA 2.5 https://commons.wikimedia.org/wiki/File:Everest_kalapatthar.jpg
CC BY 2.0 https://en.wikipedia.org/wiki/Mountain#/media/File:Ural_mountains_3_448122223_93fa978a6d_b.jpg



What About that Chasm I opened with
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CC BY 2.0 https://en.wikipedia.org/wiki/Mountain#/media/File:Ural_mountains_3_448122223_93fa978a6d_b.jpg



What About that Chasm I opened with
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CC BY-SA 2.5 https://commons.wikimedia.org/wiki/File:Everest_kalapatthar.jpg
CC BY 2.0 https://en.wikipedia.org/wiki/Mountain#/media/File:Ural_mountains_3_448122223_93fa978a6d_b.jpg



What About that Chasm I opened with
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CC BY-SA 3.0 https://en.wikipedia.org/wiki/Silbury_Hill#/media/File:SilburyHill_gobeirne.jpg

CC BY-SA 2.5 https://commons.wikimedia.org/wiki/File:Everest_kalapatthar.jpg
CC BY 2.0 https://en.wikipedia.org/wiki/Mountain#/media/File:Ural_mountains_3_448122223_93fa978a6d_b.jpg

Long way from here to here!



How Do We Help U.S. Companies Get from Hill to 
Mountain? : NIST

• Model for scaling companies “in the 
middle”

• Seed and A round worked, widget built, 
market identified

• Trouble with B round or scaling 
manufacturing know-how
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Lots of Tools in the Toolbox

• Seeding new technologies: NSF, DARPA, Labs, etc.
• Nurturing new technologies: SBIR, DARPA, AFWERX, In-Q-

Tel, etc.
• Growing new technologies: DoD, Federal Procurement
• Growing companies: DoC/NIST, etc.
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QUESTIONS
eric.burger@georgetown.edu
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