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Overview

* Preliminary 3.5 GHz Radar-Communications
Compatibility Tests

* Cognitive Navy Radars and
3.5 GHz Spectrum Sharing
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Overview of Tests

* LTE communication at 3550-3650 MHz in
presence of Naval radar

 Location: Eastern Shore of VA

 Emphasis on proof-of-concept (existence
proof)



Equipment Used

Rhode & Schwarz CMW500 as eNodeB
Commercial LTE User Equipment

— UE in shielded enclosure

— Dipole affixed to UE as coupler
Custom frequency translators

— 700 MHz to/from 3550 MHz

Broad-beam directional antennas
— C-band TVRO feed horns
— adjustable linear polarization
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 Power limiters added to protect translator
* Interference was within filter passband
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Uplink™®
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Measurement Locations (m)

Beam width about 90 / A
degrees, visitor's (EoastiGaurdistation / -, ‘ s
center had radar
perpendicular to LTE
path, on Beech radar
was in the antenna
3dB BW and eNB
pointed away from
radar
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LTE and Radar Spectra
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LTE Statistics Collected

ACKs: packet acknowledgments
NACKs: negative acknowledgments

DTX: discontinuous transmit, UE did not recognize that a packet
was sent

BLER: Block Error Rate

CQl: Channel quality indication

UE Status: e.g., Attached, Connected
Throughput
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Downlink Throughput at Visitor Center
(BPSK, Radar Active)
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BLER

Downlink BLER at Visitor Center
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Downlink Throughput at Beach
(64 QAM, Radar Active)
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BLER
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Conclusion

Communication is possible in the presence of
operating Naval radars under certain operating
conditions

Power for the LTE system can overcome the radar

Additional work is needed to provide a detailed
feasibility assessment for LTE communication in
the 3550-3650 MHz band
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Future Work

Bench-top testing using pulse interference with
various PRF and pulse width combinations

Receiver improvements, e.g., band-reject filters

Field measurements with longer transmit-receive
naths
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Future Work

Use of omnidirectional antennas

Experimentation with DSA to increase robustness of low-SNR
links

Tests with additional radars that operate in or near the 3500
MHz band

Use stop band filters

Study of implications for use of the band further from coast /
radar locations
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Cognitive Radar Project

Add intelligence to a legacy radar to reduce its impact on WiMAX
and LTE infrastructure operating in the 3550 to 3650 MHz
frequency band

Goal: Fall 2014 field trial demonstrating closed-loop control of

Naval radar system to demonstrate reduced impact on WiMAX
base stations
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Cognitive Radar Project

High-Level
Integration
Strategy

24

RF Analo Omni Spectrum
User Interface Phased Array g P
Systems Sensor
Doctrine Messages o
— Digitized IF Ta >
> Ethernet 8 A
High-Gain Low-Gain
Directional Omni
Real Time Arrav Control Transmit/Receive | |Sensing Sensing
Scheduler ¥ Signal Processing

ClutterMap [——————
|
|
1
Radi
Radar Control System Strategy . Rl
Environment
Subsystem Reasoner
Map

Sensor Signal
Processing




Broad Areas of Research
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Radar Spectral Mask
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Radar Integration
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Impact on 3.5 GHz Exclusion Zones
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Observations I
@ LTE does not significantly interfere with OOB 3.5 GHz Navy Radars:
out of band; if in-band, power less than clutter return within radio horizon
@ Navy Radars can interfere with LTE:
5% radar duty cycle can be addressed through waveform mitigation and cognitive radar 4
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