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Spectrum Congestion
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Impacts on Propagation Modeling Evolution

= How did we evolve modeling with each
newly deployed
e Technology
e Scenario
e Frequency

® We built a new model!
® |n isolation, these were rational decisions

= In aggregate, left spectrum managers
with ambiguity on model selection

Image credit: C. Phillips, D. Sicker and D. Grunwald, “A Survey of Wireless Path

Loss Prediction and Coverage Mapping Methods,” in IEEE Communications
Surveys & Tutorials, vol. 15, no. 1, pp. 255-270, First Quarter 2013, doi:
10.1109/SURV.2012.022412.00172.
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Development of Improved Models

= Model improvements can drive towards
e Increased specificity
e Broader application

General Purpose

Highly Specific

—

Ex: 5G Channel Model Ex: ITM

« Narrow scope * Broad scope

» Limited generalization « Wide generalization

* Improved performance * 'Weakest link’ limitation

« Faster improvement cycle » Slower improvement cycles
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Increasing Model Specificity

= Narrowing a model's scope can support
more specific assumptions .

® Tradeoff: increasing model specificity can
result in a proliferation of (sub-)models

® Recommendation P.1411 MI -
e Propagation along street canyons _
e Propagation within street canyons . W) _/ ST
e Propagation over roof-tops &[—

e Propagation below roof-tops STNI X,
e LOS and NLOS models
e Urban and Suburban models I

» Models for different frequency ranges

= Increased burden on users apply the TO
STNI1

mOSt applicable mOdel for eaCh Scenario Image credits: Recommendation ITU-RP.1411-13,

https://www.itu.int/dms_pubrec/itu-r/rec/p/R-REC-P.1411-13-202509-I!'PDF-E.pdf
T
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Model Inconsistencies (1)

m Increased model specificity increases risk of inconsistencies at boundaries

between models
e Self-consistency at boundaries between models.
eE.g.,inP1411, does below roof-top and above roof-top always match at roof-top?

m P.2108 contains two statistical clutter models
e §3.2: terrestrial paths
e §3.3: air/ground or slant paths

= Terrestrial model assumes a horizontal path, while slant path model allows for
elevation angles down to 0 degrees (horizontal paths)
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Model Inconsistencies (2)

m Consider a receiver within clutter

o b S erV| N g Sl g N al Comparison O'LE S‘:I:r:[:el:zztlilo:t”g;a:;D'I;_e‘lrrestrial Model

= No geometric difference between N
. . 1 | Significantly different results!
» Base station a few kilometers away - - - -

o Aircraft a few hundred kilometers away

m Receiver's terminal geometries are same
e And yet the two P.2108 models produce...

Percent Locations (%)

e

— .

Clutter Loss (dB)

— P.2108-15ec 3.2 — P.2708-1 Sec 3.3
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Model Overlap

® Model proliferation concerns can be overcome through improved general-

purpose modeling
» Broad-applicability models
e Logic within model to decide 'how best to solve the problem’

m Consider three general purpose, terrain-based propagation models

e Irregular Terrain Model (ITM)
e Terrain Integrated Rough Earth Model (TIREM)
e Recommendation ITU-R P.2001

m Each model has its own ‘view' of the world, such as in diffraction
o ITM: 2 knife-edge approach (modified Epstein-Peterson formulation)
e TIREM: Multiple knife-edge approach
e P.2001: Effective knife-edge (delta Bullington)

m These (reasonable) assumptions all produce prediction differences

o FFES
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Expanding World of Digital Simulations

= Growing applications of digital ray
tracing and machine-learning models P B R o oy i ACTeS

e Hold promise for improved understanding e | | | | | |
and modeling of propagation I

e Computational complexity should not infer
an implied trust in outputs o

1760 4%

SL)

= Consider location in Martin Acres shown w1
on the right

I Loss (dB)

{mete

1680 -+

Measured BTL 143.33 ;
Ray Traced BTL 143.89 =
Delta 0.56 to404

0 200 400 600 800 1000 1200 1400 1600
Distance from TX (meter)
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What do we make of this result, when the ray tracer
has no awareness of vegetation? See next slide ..

o FFES




° °
E nVI ro n m e nta I Deta | Is Did the ray tracer get it correct, or happen to get the correct

answer? Does it matter? RAWR: Right Answer Wrong Reason.

MATLAB® Environmental Picture Lidar Environmental Picture
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Most of these ray paths don’t geometrically
exist as modeled due to presence of trees

Image generated in MATLAB. The MathWorks Inc. (2024). MATLAB version: 9.13.0 (R2024a),
Natick, Massachusetts: The MathWorks Inc. https://www.mathworks.com

ITS

Lidar data from U.S. Geological Survey, 3D Elevation Program, https://www.usgs.gov/3d-
elevation-program

NTIA
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Metrics to Evaluate the Quality of Propagation Models

“ Spedrum mqnagers need ObJeCtlve metrics 180 Scatterplot of all measured datapoints for 1700 MHz
for the selection of propagation models ‘
m Currently use Mean Error and RMS Error to @ 160
quantify model fits. @
. : . © 140 |
m Bulk parameters will be insufficient for future | 2™
. 0 ° 2
high-fidelity models B SRR
m Consider adding: s | s
e Spatial and temporal consistency 100,
e Accuracy as a function of distance / position L g
e Accuracy as a function of environment fidelity o 80 Log Distance, n = 2.6
» Generalizability to new environments z::m s
e Sensitivity to changes in inputs / databases 5202 | ‘ i ' = '"')4
* Sensitivity to new data or measurement quality Distance (i)

e Computational burden

C. R. Anderson, "An Integrated Terrain and Clutter Propagation Model for 1.7 GHz and
3.5 GHz Spectrum Sharing," in IEEE Transactions on Antennas and Propagation, vol. 70,
no. 7, pp. 5804-5818, July 2022, doi: 10.1109/TAP.2022.3161496.

o TS
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Conclusions

m Spectrum Managers have a large, and continually growing, library of
propagation models to support spectrum management

= Appropriate model selection often requires deep technical
understanding of the model’s development, implicit assumptions, and
parameter space for which it is valid.

= A robust and comprehensive framework for model selection would be
of significant benefit to spectrum managers.
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