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» Overview of NTIA/ITS

» Interference analysis
e Definitions / scenario
e Transmission loss
e Propagation models
e Antenna modeling

» Example problems

» Future directions in interference analysis
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Overview of NTIA/ITS
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ITS Mission

To ADVANCE innovation in communications technologies,
INFORM spectrum and communications policy for the
benefit of all stakeholders, and INVESTIGATE our Nation’s
most pressing telecommunications challenges through
research that employees are proud to deliver
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NTIA Mission and Changing Scope

» NTIA scope has increased from Government-only Office of the Assistant
ecretary and NTIA
spectrum management (IRAC) to Government- Administrator

industry spectrum sharing

Staff Offices Line Offices

» ITS manages the telecommunications technology

Office of Chief Office of Spectrum Institute for
researCh programs Of NTIA Counsel Management Telecommunication
. . . (Osm) Sciences (ITS)
» ITS works closely with other NTIA line offices to OTee oTbelicy
. : Coordination and
Support Adm|n|5trat|0n and Agency needs Mar:agelment Office of Internet Office of Policy
. . Connectivity and Analysis and
» ITS engages with other stakeholders via OSTP, SOIcEOTS Growth Development
. ongressiona
CSMAC, NITRD/WSRD, PPSG, DoC 5G Working Affairs

Office of Office of
Office of International Public Safety
Public Affairs Affairs Communications

Group, National Spectrum Consortium, etc.

» ITS manages the Department of Commerce
owned Table Mountain Radio Quiet Zone

*Interdepartment Radio Advisory Committee
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NTIA Visiting Researcher Program (In Progress)

Designed to provide participants with opportunities to exchange views and
align research with NTIA spectrum management R&D objectives

Subject
Research areas Matter

* Enhancing spectrum utilization Expert
* Propagation modeling and

software Be mentored by subject matter experts
* Electrical engineering Work on exciting projects in a team setting
* Spectrum monitoring
* Telecommunications policy
* Improving telecom networks Liaison

Serve as a resource on topic(s) of expertise
Apply knowledge and experience to project

Enjoy a “day in the life” of subject matter experts
Participate in spectrum management training
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Work Environment

» ITS is NTIA’s R&D lab with ~70 technical staff

» ITS serves other federal agencies via the IRAC and
Interagency Agreements (IAAs)

» ITS engages directly with industry and academia via
Cooperative Research and Development Agreements
(CRADAS)

» Growth of OSM Spectrum Management R&D Program
demonstrates increased importance of spectrum R&D that
produces science and tools to help modernize spectrum
management and policy decision processes

» Growth of other agency (OA) projects demonstrates
importance of applied spectrum R&D that helps
government adapt to changing spectrum rules and
assignments

ITS: The Nation’s Spectrum and Communications Lab

ITS Funding Sources FY21

49 I1AAs &

CRADAs
in FY21

Funding Sources FY21

M Interagency Agreements

M Direct Appropriations

M Spectrum Fees (OSM)
CRADAS
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Sheet1



		Funding Sources FY21		Amount						Expenditures FY21		Amount

		n Interagency Agreements		$40,199,103						n Fundamental Research		$8,011,806

		n Direct Appropriations		$11,984,276						n Interagency/CRADA Execution		$7,994,116

		n Spectrum Fees (OSM)		$2,700,000						n NTIA Management & Admin (M&A)		$4,949,876

		n CRADAS		$284,771						n ITS Overhead		$2,565,840

										n Cross-Services Agreement		$1,936,335

												$25,457,973







n Interagency Agreements	n Direct Appropriations	n Spectrum Fees (OSM)	n CRADAS	40199103	11984276	2700000	284771	



n Fundamental Research	n Interagency/CRADA Execution	n NTIA Management 	&	 Admin (M	&	A)	n ITS Overhead	n Cross-Services Agreement	8011806	7994116	4949876	2565840	1936335	




Expertise in Government and Commercial Systems ¢

» Radar

» Meteorological and GPS satellites

» Military tactical, telemetry, training
» Public Safety LMR and LTE (FirstNet)
» Intelligent Transportation, CV2X

» HF communications

» Cell phones, Wi-Fi devices, FCC Part 15 devices

» Broadcast

» UAVs

» DoD AWS-3 assets, threat sims
» loT devices

ITS: The Nation’s Spectrum and Communications Lab
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OSM Spectrum Management R&D

» Goal: To provide planned R&D (i.e., science,
models, data, analyses, and software) and quick-
reaction subject matter expertise to advance NTIA
spectrum management processes and decisions

» Approach: Planned R&D projects
e Clutter propagation modeling
e Propagation code library (proplib)
e |[TU-R Study group 3 (SG 3)
e mmWave propagation measurements and modeling
e RSEC modernization
e Spectrum quantification, verification, and
characterization (SQVC)
e Interference analyses

[ 40 MHz B 10 MHz  13-14

[ 20 MHz mm 14 MHz 1 912

ITS: The Nation’s Spectrum and Communications Lab

Boulder, Colorado « www.its.bldrdoc.gov
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Interference Analyses
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What is Interference Analysis?

» Methodology to quantify interference (non-harmful and harmful) to interferees
e Interferers (source systems) can be in-band or out-of-band
e Interferees (affected systems) can be active transceivers or passive receivers

» Necessary components
e Scenario and assumptions
e Interference protection criteria (IPC) and metrics
¢ Interferer power and waveform model
e Transmission loss models
e Propagation models
e Antenna models
e Interferee characteristics (hardware) and signal processing (software)

ITS: The Nation’s Spectrum and Communications Lab

Boulder, Colorado « www.its.bldrdoc.gov
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Scenario - What Is Happening?

» Consider the variables and assumptions Desired Signal
e Radars sharing a band (scanning? waveforms? :
distance?) - *WNYL - —-*/VYWWﬂ -
e A narrowband protected passive scientific g —
receiver Interfering Signal
e A wideband passive scientific receiver

e A safety-of-life RF system, adjacent to comms Y
y y J ™ = \WW L@— MP —-/l/

e HF comms (anthropomorphic noise, radar, etc.)

Radio Channel

Path Loss

» Interference can seem likely, but is it harmful?

e Interferee defines a scenario ExemalNose /"
= “X causes my radar to see L false targets”
= “Y produces a M degree error in my radiometer”
= “Z reduces my throughput by N %”

Generalized IA Model*

*”All models are wrong; some are useful.” — G. Box

ITS: The Nation’s Spectrum and Communications Lab
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Interference Protection Criteria

Same Antenna
Capture Areg -

\ B
» Basic P j/
e Power levels and ratios (C, I, S, N) w/BW, e.g., “INR = -6 dB” F{,fffi__:z’i——
e Power density at a particular location [W/m?] Sl - e
> Better B
e Metric w/statistical quantification of time (CDF)
e Consider interfering signal type (pulsed vs. noise-like) 10(:?1@??% RoCauve
» Even better .
e Specific system performance baselines/requirements ?,
= P, decrease or P, increase by X % for specific target > %
= Reduction in throughput from theoretical capacity by Y % §
e Specific system models (incl. receiver settings / processing) =
e Channel conditions (e.g., multipath, specular)
e Ultimately: interferer-SNR-based threshold  False positive rate

ITS: The Nation’s Spectrum and Communications Lab
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Transmission Loss

» Defined in ITU-R P.341-5 [1]

2
> Not just “path loss”: L, = (—)

» Includes channel, antennas,
system loss, etc.

» Must consider TL model for each
source of signal, interferer, and
noise in scenario

Isotroplc Fre_e-space basi_c_transmissio_n_lijss, Ly Isotropic Ly
antenna \ antenna
\ f
\ Propagation !
\ medium, !
ooy efc. ] !
I 1 ! I
\ _ _ /
Basic transmission loss, L, Ly=L,+L,
1 1
1 1
1 1
Transmitting T &, G, Receiving
antenna - - - - - antenna
Transmission loss, L L=L, -G -G,
Transmitting Receiving
antenna L, L, antenna
losses losses
Transmitter e e e e e - e — Recelver
System loss, L, L.=L+L,+L,=P-P,
Filters, Filters,
feeder, etc. feeder, etc.
| i
[ — —_— —— —_— J

Total loss, L,

(reference points should be specified)

ITS: The Nation’s Spectrum and Communications Lab

[1]

I I S Institute for Telecommunication Sciences
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Propagation Models

» Predict basic transmission loss (BTL), L,, the loss between isotropic antennas at specific
locations or distance

e Can include diffraction, troposcatter, ducting, statistical atmospheric conditions, interference
» Ground-to-ground: Longley-Rice, a.k.a. Irregular Terrain Model (ITM)
e Statistical model based on extensive measurement campaign

e Point-to-point mode w/terrain profile, or area mode with Ah
e Calculates BTL for time, situation, and location variability quantiles

» Ground-to-air: P.528, IF-77
» Ground-to-space: P.618

ITS: The Nation’s Spectrum and Communications Lab
Boulder, Colorado « www.its.bldrdoc.gov

I I S Institute for Telecommunication Sciences
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[TS Propagation Library (PropLib)  https://github.com/NTIA

» Goal: To establish authoritative and widely-used

propagation model software In [WEEEL TS
Development Production Released
» Approach: ITS establishes modern software
development process to ensure reliability and * MPM * Ohiopyle *IT™M
integrity of software research products. Once * P.1812 * IF-77 * eHata
proplib codes are released, improvements * P.526 * PropCore * P.528
originate through (1) ITS scientific process and (2) * E‘ZE * élr:nl\gi-thEarth
open-source collaboration. '
e P2108
» Process:
e In development * Actively LI * Fully open-
e Internal production developed stable dev source

* Published NTIA-
wide

* Okay for
external

shipping

* Publicly
supported

* Code signed and
formally citable

e Publicly released * Locally
published

(restricted
users)

ITS: The Nation’s Spectrum and Communications Lab

Boulder, Colorado « www.its.bldrdoc.gov
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https://github.com/NTIA

Terrain Profile

[rregular Terrain Model (1/3) |
» ITM calculates both tropospheric scatter and g
diffraction loss, selects lowest loss
ITM Basic Transmission Loss >
100 —— —
= 3100 MHz 13000k‘ H ‘0.5‘ o ‘1 T 1;5 H ‘2 T ‘2.15
- :j 3650 MHz | Distance along path [m] 10°
80 L =4200 MHz |
Lengmont
< 60 _ =
g a0 | i
_qé 10 QC‘E.FLﬂIQ Rk
2 | - |
9gso 235 240 245 1 e Calprado
L i RN ol ] -
200 | 210 o 220 ‘... 230 ‘... 24IO ‘... 250
A [d B] s CZl?sr:n
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[rregular Terrain Model (2/3)

» Demonstrate magnitude of diffraction loss at 3 mid-band frequencies
» Tx 10 m above ground level (AGL), Rx 100 m AGL (low-flier)
» Case #1: No diffraction; ITM returns FSPL as 50 % time variability

Terrain Profile

ITM Basic Transmission Loss

7 BRIV T O N T AT 760 : . . . 100
% II i [ f=3100 MHz
v 740 | ’ ‘ ] I f=3650 MHz
b f = 4200 MHz
- 80 L
L 720 |
& L — 60 |
iV 700 L §'
= = > [ T T T
v ceel o g+ 9gZ__ ) _7 > ~3 dB
© S 680 | ] I
< g 40 |
[0
L IS
660 |- =
20 |
640 |
Rohhb
Mountain [
“““““““““““““““““““ 0 . L L L
0 0.5 1 1.5 2 25 128 129 130 131 132 133 135 136
Distance along path [m] 10 A[dB]
| Skm__ | BELACK

FSPL=130.3,131.7, 132.9dB
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[rregular Terrain Model (3/3)

» Low-flier now behind geographic features (same AGL)
» BTL approximately 55-60 dB greater than FSPL due to diffraction

Geographic Coordinates: 35.67707, - . . . ..
P : Terrain Profile ITM Basic Transmission Loss

100

840 [ f=3100 MHz

f=3650 MHz

s ol L F 1 t
i gy 820 | ] 80 = 4200 MHz

i ' ¢
5 800 [

P Vel L S 780 [

760 [

AMSL [m]

740

[\ RNENNRNRRN | NRRRREE 1< 5 >
1%
A

Time variability [%]

720

700

680

L 1 1 1
182 184 186 188 190 192 194 196 198
A[dB]

FSPL=130.3,131.7, 132.9dB
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P.528 - Air/Ground

100

P.528 Prediction Results

» P.528 is an international recommendation
predicting BTL for air/ground & air/air 0]

» |ITS code is U.S. reference implementation

of annex 2, the “step-by-step” method of
computing loss

» https://github.com/NTIA/p528 :
» https://github.com/NTIA/p528-gui 200

200 —

Basic Transmission Loss (dB)

250

= 50%
= %
0%

-------- Free Space

Diffraction

Terminal 1 Height (m):
Terminal 2 Height (m):

Frequency (MHz):

Polarization:

ITS: The Nation’s Spectrum and Communications Lab

Boulder, Colorado « www.its.bldrdoc.gov
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Antenna Models

» From simple to complex, analytic to measured

» Does the scenario require a complex model? What does the model include, or miss?

Normalized Antenna Gain [dB]

Azimuth [Degrees]

ITU long-range radar pattern Measured radar altimeter pattern
No side or backlobes! No null at £90°! cos?(8) model invalid

ITS: The Nation’s Spectrum and Communications Lab
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Antenna Models: 5G gNodeB

» 3GPP describes basestation (BS), array, and elements

» BS contains multiple uniform rectangular array (URA) panels

» Each panel is an array of crossed elements, partitioned into subarrays
» 3GPP addresses nominal behavior \

Parameter Values
Iﬁ? H " " " . |Ir 6" _QDD :
. ﬁ IIIIIII " Vertical cut of the 3:113[5' ., @"=0°)=—min [12! 2 LA
h e —e S B W A radiation power pattern 1 Lo M3dB
i (LY (hELDY (A1 N-1 (dB) with &, =65° SL4,. =30dBand 6" [D°= ISD‘:']

o\

‘“ x x - X Horizontal cut of the ‘{B [9" =90" gﬂ'"] - {lli:g] ‘{M}

Ly o radiation power pattern
A 3 - .
hE e LE with @z = 65° 4. =30dB and ¢" [-180°,180°]

XX X

3D radiation power A (6", 0") =—min{— (45(6". 6" = 0°)+ 44(6" =90, ¢")). 4__ }
R RO R o [0.H-1) pattem {dB)
Maximum directional gain
of an antenna element 8 dBi
(FEmax

ITS: The Nation’s Spectrum and Communications Lab

Boulder, Colorado « www.its.bldrdoc.gov

I I S Institute for Telecommunication Sciences

2022-04-20 23



gNodeB Antenna Element

Az cut power pattern

» As per 3GPP SR
e 65° FWHM beamwidth 50
e 8 dBi maximum gain (MATLAB® model: 9.2 dBi directivity)

» MATLAB® coord. system: -180° < Az < 180°; -90° < El < 90° &

1 . L4 ° — (o] 225
» This example: PolarizationAngle = +45 o 7
Directivity: Az and el H
z 3D Directivity Pattern 05 90 5 Combined
z 120 k] 60
Az 0 El cut power pattern
135 45 P p
190 F 05 %0 75
150 30 120 0 60
135
165 15 150
180 0 165
¥ y 180
o . Az 90 185 345
Az 0 EIQ 185
El 0 210 330 o
. 225 315 225
240 300 V@&
. 255 285 "
Azimuth 270 Combined
—— Elevation &

ITS: The Nation’s Spectrum and Communications Lab
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gNodeB Subarrays & Scenarios

» Ericsson describes 8x8 arrays w/fixed

2x1 Sub'arrGY'64T64R Relative Copocity
M S <] >¢]><] << " c
subarray configs EARRRRE Dense urban high-ise X I
® S B B RS o
» MATLAB® support SRR 16T 32T 64T
XX XX
SU-MIMO
e URA, subarrays
1| s s 4x)Sub-array - 32332R Relative capacity
4 B A A R s U .
: A% - rban low-rise
_ | s —~ _s . S S S S :\: 3 \;E 3 __________ 1SD-500-1008m
\/ ,/‘aj ../égﬂj57_ <] I><Ip<peq<]f< o - ----
i A | . & o el " 2T 16T 32T 64T
w.,q.‘-é\_/f,.wu_._ ’/d ‘-/‘g /éz /‘60 bt e LR
_é : MU-MIMO SU-MIMO
D = R .
. . Relative capacit
I\ 8 & -~ s & ~ i Sl Surburban and rural G
R — 4, S ASEERE 1SD > 1000m o
FAS 4 4 < _¢ BRERRRRl 00 e -
o ¢ ‘/éz*/‘] ‘/é]—/“ :\‘:t:: :\:: LL(/-'- _--
- ‘/“/‘5 _ o o bt b b o 4 3 “‘f’ e 2T 16T 32T 64T
‘/éa ,/‘a ‘_/d‘ XXX XXX —_——
8 7 s = - MU-MIMO SU-MIMO TR,
‘/‘3 ‘/é" ‘/‘9 /‘?‘/ds .......
’/..Q ‘/‘] 1
y e
‘/‘a‘,&
4 64

—
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Practical IA Examples
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Green Bank Telescope, National Radio Quiet Zone (1/3)

» What happens when a cellular service operator
wants to change a base station parameter?

» GBT employs cryogenic receivers
e Power density threshold (W/m?) to protect GBT is
function of freq. in 20 kHz measurement bandwidth
e Rx noise temperature ~ 20 K: kTB = 5x1018 W

[1]

10~

nnnnnnnnnnnn

£

=3

> en —

% -15 si?kor > _-’: :

R e | A

— - i ‘

: L 3 BN ?

2 SN =" - e—————730 f %E E" ﬂa
10 20 ‘ ‘ e

0 1000 2000 3000

Frequency [MHz]
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GBT NRQZ Approach: Irregular Terrain Model (2/3)

» Use ITM in point-to-point mode
» Import USGS elevation tiles with ITS’s data access framework

211221A to GBT Terrain Profile
1200 | Morrngahals G o= :
IIJ.-_:|I||;'.I|-.~1| g g Hﬂcklngham
: g Harmsonbir
= s e
1000 L T T
B Rockingh)|
€
=
@ 800 L
>
<
S rge )
600 | Washington
ilational
400 By
j Charl
2 4 6 8
4

Distance along path [m] « 10
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Time variability [%]

GBT NRQZ Results (3/3)

» Example results for one tower, with 5 frequencies and multiple antenna heads

211221A: ITM Loss

100 . .
80 | J
60 | 4
40 fI =617 MHz B
fI =728 MHz
f =1930 MHz
20 | | i
fI =2110 MHz
fI =2496 MHz
0 1 1
190 200 210 220 230 240 250 260
A [dB]

OF
NEEEECO)

<4
Stares of ©

W02 D8,
‘
3

2> . 205

Time variability [%]

100

80

60

40

20

211221A: Power Density

T

T

211221A-01
211221A-02
211221A-03
211221A-04
211221A-05
211221A-06
211221A-07
211221A-08
211221A-09
211221A-10

-22

10

-21

10 20 10 71®

Power density [W/m ]
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211221A: Power Densities and GBT Threshold

T

T

O

Med(S)
T =2% and 98%

1

1

T

500

1000

1500

Frequency [MHZz]

2000

2500
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Aircraft Surveillance Long Range Radar (LRR)

» LRRs can “see” each other — necessary to
eliminate spatial coverage gaps
» Multiple propagation aspects

e Diffraction, troposcatter
e Clutter?

» Freq. separation is inefficient use of spectrum

» If we overlap them in frequency, what happens?
e Mutual antenna gain (MAG) time-domain aliasing
e Undesired pulses

)
Ty

Common O
Air Route 1)
Surveillance
Radar
(CARSR)

ITS: The Nation’s Spectrum and Communications Lab

I I S Institute for Telecommunication Sciences

Boulder, Colorado « www.its.bldrdoc.gov

2022-04-20 30



90
120 60

Time Between Main Beam Interactions X

30

» Constant 0.5 °/s rotation rate difference; ideal antenna pattern -2 )
180 O——rrs 0
. . 360 °
» Interaction every 12 min (as expected: "y °/s)
» Percentage of main-main interaction very low: 0.03 %
T T T T 80 | T T T T T ] L)

o | 70 \ Main-main | 60

60 60 | Main-sicie g 5 ITU-R M.2069-0
E g S : i ? 40
'§40 0 00 e 0 0 0 0 e 0 '§40, '_E|1
g Hll‘!““ﬂ“. g 30 E
N u wwwwwwww :

.... 20 |
10 L — Rotation rate difference 15 0.5%/s
0 0 .4 . 0. 1 0 0.01 002 003 0.04 005 1] [ifil1] 1 2 1 Sk 2400 3000 3 il
Time [h] Time [h] Time (s)
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Effect of Non-Constant Rotation Rate

» Add slow (wind load) and fast (jitter/noise) rotation rate variation to radar 2
» Main beam interaction periodicity less predictable
» Percentage of main-main interaction similar: 0.011 %

30.6
80 Ii
304 | I|
|
30.2 L 60 ”‘
7 g |
A ©
% 30 = V|
= S 40 | ! |'[‘||e
S T 1 AR ”|||n'||||||
7 : i u
: I T YU
oo 7 (T T u-\ | u!‘\“\\"’ ‘n\H \\ \
006 | ‘"h':n M IIH all 0 u| il
”\ T | w I il
Hil ”I\Hu i il ‘Hu | el
29.4 | | | 0
0 1000 2000 3000 4000 0 0.2 0.4 6 0. 1
Time [s] Time [h]
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Periodicity of Interference Eras

» Aliasing is a function of rotation rate

difference 10° \”\
360° :

([ T = .
E Aw °/s Z
» When rotation rates nearly synchronized 8 10°
(10 °/s), eras can occur only monthly
g _ 360 °/ A
> lcm(Tl, Tz) \/ o o2 [ O T Ty
. ‘3 | O n-sweep POI(0.999)

» Analytic n-sweep POI v g 0.5 degis (ITU-R 20600
o’ 0.25 deg/s (ARSR-4 spec)
= 1 month

10 :
10 ™ 10 10 ©

ITS: The Nation’s Spectrum and Communications Lab
Boulder, Colorado « www.its.bldrdoc.gov
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Duration of Interference Eras

80 L 1 80 |

» When synchronized, main beams will

interact upon every rotation 1®t
. 1.4 °
e |Interference duration: 3075 = 47 ms
e Main-main interaction: 0.92 %
= (time G,,,,; > 50) / (total time)
= Could also defineas47ms/12s=0.39% o

1.5 1.6 1.7 1.8 1.9 0 0.005 0.01 0.015
Time [h] 107 Time [h]

40 L 40 L

Mutual gain [dB]
Mutual gain [dB]

20 L . 20 |

» Duration of these eras is a function of
rotation rate variation

e Example era duration: ——— = 3.89 h
Aw=10

¢ In the nearly-synchronized regime, hours to
days is possible

Length of main-main interaction [h]

10°° 10 ™ 1073

Rotation rate difference [deg/s]
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LRR - Multiple BTL Mechanisms

Link/Path Profile
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Radar Signal Modeling

» What happens with different interferer signals?
There are a lot of L-band radars (~40)

» When do they synchronize (time-domain again)?
» What is the effect? What is the concern?

400 trials

10k trials

ITS: The Nation’s Spectrum and Communications Lab
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5G and Civilian Radar Altimeters (RADALT)

> Linear FMCW radar, 4.2-4.4 GHz, homodynre ...

e Potential gNB OOB interference? |
| Power Radar - i
Typical RA filters :

e Potential RADALT Rx gNB in-band signals? 3 Altimeter olerance Mask |

Jr
L.
Teng

..........
an
.
L
......
.......
......
--------
an®®
wn®
was

| ' > MHz
= | 3700
Y Z |

/+——. Beam Width ] NS

| | £ Power 5G (terrestrial)
| S emission Badar | | |
Altimeter Typical RA filters !

tolerance Mask
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..............................................................................
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5G and Civilian Radar Altimeters (RADALT)

» The “when” becomes complex 5G CoLT w/10 UEs, max power, realistic traffic

-10

» Antennas are critical — OOB, outside of beam

» Front-end RADALT measurements needed

-20
» More gNB measurements needed g ol e

» But wait, there’s “more” (aggregate)

-40
\ NUJJ Apparent 4 GHz

e FMCW mostly unsynchronized %0 /\ ‘ \ opass e
-60 V A PIO\;:ver amplifier
N \ plteay |
Wl [V ¥\
.90 \ nw/ Lwiﬁrement System Noise Floor
-100

3500 3600 3700 3800 3900 4000 4100 4200 4300 4400

Peak Detected Power in 1 MHz Bandwidth Relative to Fundamental (dB)

Frequency (MHz)

ITS: The Nation’s Spectrum and Communications Lab

Boulder, Colorado « www.its.bldrdoc.gov

I I S Institute for Telecommunication Sciences

2022-04-20 39



Modernizing Interference Analysis
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Desired Signal

Path Forward s
X —'WNY; MP -H—/\VYW’W—- RX
» Develop generalized IA model and framework @

e Define required functions and API

Interfering Signal

» Standardize core |IA libraries and publish to Y
GitHub, w/pedagogical examples o lww— —, @ 1A
e Amplitude probability distribution
e Frequency-dependent rejection

Path Loss

External Noise /l/'

» Develop “best practices” guidance for IA

modeling and measurements
B Bascline SNR (dB) | Required SNR (dB) | Pd | Trials | IPCINR (dB) _
-1

e Which one of these is right? \ e — SR TG
e Proactive vs. reactive =8 =8 EE . ==

— 10.5 10.5 0.8 400 -7

. . . . 10.5 10.5 0.8 leb6 <-20
» Recommend adding additional criteria to IPC 14.2 105 08 400 4
— 14.2 10.5 0.8 leb6 1
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Measurements are Critical

» Validate IA framework with previous and new measurements
e Models can generate measurement requirements
e Measurements can validate and drive development of models

» Measurements are challenging to scale to statistically-significant results
e 500 trials may be possible — but 1M?

' Desired
¢ injected targets

[ 1
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Questions?
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