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Types of Spectrum Sharing
» Reservation Time Sharing (Drones, UASs)
* Dynamic Sharing
» Spectrum Access Systems (CBRS)
* Incumbent Informing Capability (CBRS, Others)
» Automated Frequency Coordination (6 GHz)

Environmental Sensing Capability (ESC) System
» Dynamic Protection Areas (DPA)
+ SAS Requirements
* Impact Measurements
 Single Exposure Population
* Deployment Power
« Coexistence
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Reservation Time Sharing

Drones and UASs may require spectrum for the duration of a flight

Similar to an authorization for flight (e.g. LAANC)
» May include an authorization for licensed (5G, mmWave) Spectrum Usage
« Example: From 2 minutes prior to flight until 5 minutes after completion of flight

Attend Day 3: The Wireless World of Drones and Beyond
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What is an Environmental Sensing Capability (ESC) System
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Dynamic Protection Areas (DPA)

* Protect incumbent users from harmful interference
* e.g. Department of Defense (DOD) Radar Systems
« NOT exclusion zones

. . _— stakDl 's"irifthg (;glﬁguousU.S.'\(re,
Environmental Sensing Capability (ESC) System U hafhEi catB Neighborhoods (green)

+ Monitors a DPA for DOD Radar Activity N 3 - il
» Operate in 3550 to 3650 MHz band ~ 8

Spectrum Access System (SAS)

* Required to incorporate ESC sensor data
» Protect incumbent DOD radar systems

» Uses ESC locations and antenna characteristics when assigning
spectrum

Citizens Broadband Radio Service (CBRS)
» 150 MHz of spectrum from 3550-3700MHz
 Citizens Broadband Radio Service Device (CBSD)

CBSDs must not interfere with ESC sensors

: Google Earth
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NTIA Matlab Model

National Telecommunications and
Information Administration (NTIA)
* Developed Matlab software

» Determining if a DPA is adequately
covered by an ESC

Inputs

ESC Site Information

ESC Name Latitude
(Do)

Longitude | ESC Azimuth | Antenna | Antenna Antenna

(D)

(m)

Height | (deg) Beam Gain

width (dBi)
(deg)

Name

ExampleESC1 | 36.92

-76

40 300

90 8

ESC-
REVZ

DPA Combo Logic

DPA Covered

Site Name 001

Site Name 002

Site Name 003

Norfolk

ExampleESC1

Eastl

ExampleESC2

ExampleESC3

* Antenna pattern
 ESC site information

Output

 If DPA is adequately covered

« Within an expected statistical reliability
» 70 km coastal zone 95% reliability
* Further out 50% reliability
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A Bad ESC Network Design

B =83 d8m
, Deltaville
-83t0-86 . West Point O Exmore
3

ouse {303 @ ! L {E _“".” . -86 to -89 3
, gl wl ) ofCet,

hincol@8gue]

Nassawadox

Norfolk DPA with hypothetical ESC
atop Cape Henry Lighthouse

A= Gloucester Machipongo

Toano
Eastville

al
&l

Q,
F
©

Williamshburg Cape charlés L

« 1.25M people impacted S s :
Arnél _A“‘ Gloucester 2 TR Ga;ﬁav}llg-
L] Bl FB . L-\'ler:luw,L.'ur :;pe:,;hgi Surry r'|:‘;,[_‘,‘.j"‘é-s-c,n w 'f'?
Huge whisper zone e
« Extends well beyond DPA (0 B -
H pali mnu:f: Fr .MEEE] ;sa e} (450 l ;) :i l|r i.n.ia eac
« All the way to Richmond o s P e W oaeit
. ";?Tj; &) (58 '_'_:Ti_.Che_sape.éka )
« DPA is over-protected R S o oo TR N
5 Aho;,kle @ @ A
@ ® L
5 @ &) Moyock Knotts Island

Rocky Mount
et

50 dB of Attenuation G s Jl

260" " Chincaldd
o -2—83dBm

» DPA still protected AR,
Il sct0-80

E =Glen Allen

* Much smaller whisper zone

i s
(360 Gloucester Py
e 52 ) g AT Y
Williamsburg, Cape Charles
Petersburg o i e
= vorktown

Newpogt News

okl e B AL i A A
ds £
— {158}
fay 9

WIRELESS
INNOVATION

Edenton
°

Slide 7

‘WinnForum Standards”




ESC Network Design

(y

Problem

How to locate an ESC with minimal impact to
CBRS CBSDs

‘WinnForum Standards”

Considerations

How to measure “impact’
How to validate impact

» Antenna pattern transmitted to SASs
doesn’t have to be the NTIA modeled
pattern
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ESC Impact Measurement
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Methodology

Software
» Open source provided by Google
» Available on WinnForum’s github

148 ESC Sensor Locations
* Covers all 48 coastal US DPAs
* Provided by multiple ESC sensor network providers
« Aggregated and anonymized

Two metrics considered
» Single Exposure Population Impact
* Deployment Power Impact
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Single Exposure Population Impact

f
MethOdOIOQy To ocean

 Point single CBSD directly at ESC sensor ESC Sensor
* At maximum power (EIRP)

* Find population that resides within area o
where ESC sensor is interfered with Anterna Beam

Pattern
« Sum all the impacted populations for all _—

CBSD (pixel) locations without double (40 km radius for CatA,

80 km for Cat B,

counting overlapping populations as specified in WINNF T5-0112)

C ave ats Divide the ESC sensor neighborhood into pixels

. . . For each pixel in turn, place a CBSD at the center of the
L] pixel, pointed directly at the ESC sensor
ConSIderS a SI ng Ie C BS D at a tl me o Assume a particular EIRP and antenna height for the
CBSD

® C 0 n Se rvatl Ve Compute total path loss from the CBSD to the sensor,

including propagation loss and the impact of the sensor’s

« A CBSD coverage area might extend into the EIRP of he CBSD minus the folal path lss exceeds

. . . the interference threshold of the ESC sensor, shade the
adjacent (u nim pacted ) pop u Iatlons pixel. Otherwise the pixel remains clear
Repeat for all of the pixels in the ESC neighborhood, using
only a single CBSD at a time (i.e., there is always only one
CBSD within the ESC neighborhood)
The totality of the shaded pixels is the single-exposure
whisper zone for that sensor
o The shape and extent of the whisper zone will
depend on the ESC antenna pattern, the ESC
antenna height, the local terrain, the CBSD height,
and the CBSD EIRP
Compute the sum of the population in the shaded pixels
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Sensors vs % Impacted Population

Sensors vs Impacted Population

(5k bins)
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Deployment Power Impact

Using CBSD deployment location info

* Find number of CBSDs that must reduce
transmit power

Impact of ESC Protection on CBSD EIRP
T T

Uses NTIA deployment model
« Random population-weighted distribution

« per DPA basis and global US
* We used per DPA basis

Caveats
« Maximum EIRP is conservative
« Some CBSDs may lower transmit power
without affecting users
» Impact varies significantly with distance.
Calculating over entire region might not be

accurate
» Adding per distance “rings” may mitigate
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CBSD Power Reduction for 6 DPAs

6 DPAs

176 CBSDs
* NTIA Deployment Model

ESC Network Provider supplied
sensor locations
o 23 sensors

Average 75 CBSDs affected per DPA

e 29 minimum
176 maximum

]
o
I

# of CBSDs
=
Ln

(=
=]
i

20 30
CBSD power reduction
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Impact of 3.45 GHz Service on ESCs

WINNF-RC-1016
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Interference at Edge of Service Band

3.45 GHz Service May Render an ESC 325 Gris Servics
Sensor Inoperable Fixed and Mobile

e Causes a false alarm
 SAS must treat this incumbent use

Spectrum
« 3.45 GHz: 3450 — 3550 MHz . blocks 3.55 GHz
 CBRS: 3550 — 3700 MHz
« ESC: 3550 - 3650 MHz
 NO guard band at 3550 I ‘ har o)t fren

Figure 1: 3.45 GHz Service channel plan (source: FCC)

Blocking Interference from 3.45 GHz

* Not out-of-band emissions

3460 o]
Frequency (MHz)

Figure 2: Filters 1 and 2 overlaid on the 3.45 GHz Service channel plan.
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Incumbent Informing Capability (1IC)

Csﬂ Commercial Spectrum Dperator
SCS  Spectrum Coordination System

FSO FedmlSumm.Ope-raw {.ths} Informing ! A Incumbent |l'|f0|1ni|'|g
1nec Incumbent Informing Capability capabiiltv cﬂ“ce‘pt

Proposed by NTIA Dec 2020
« NTIA report 2/2021

Time- and Location-based

Implemented in ESC sensor networks located in American Samoa
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https://www.ntia.doc.gov/files/ntia/publications/iic_for_time-based_spectrum_sharing.pdf
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