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Modernizing Spectrum Management - -

LNew spectrum management mechanisms ONew technologies
= Spectrum sharing = Dynamic Spectrum Access (DSA)
" Policy based mechanisms = SDR/CR
= Market mechanisms =  Small cells
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Motivation for SCMs

Dynamically sharing spectrum requires defining the
boundaries of spectrum use

Defining boundaries of spectrum use requires
— Defining how systems emit EM radiation
— Defining what is interference to a system
— Defining how these qualities of systems are different in time and space
— ldentifying behaviors that allow sharing

Federal
Users

Regulator ’A Brokers
e

Commercial Unlicensed

A common means to define spectrum use

would enhance spectrum sharing

interactions across a diverse set of entities
— SCMs are being standardized in IEEE 1900.5.2




Spectrum Consumption Modeling ¢ }
Objectives v

e SCMs capture the minimal amount of data to
enable Spectrum Management across diverse

systems and uses
— Provide means to capture all the relevant parameters
and phenomena that affect spectrum consumption

* Provide means to compute compatibility
between any two models without dependence on
external databases of environmental or system

data

e Support methods for computing compatibility
that are tractable and definitive




SCM Constructs

Captures the spectral content of the

Total power <« —— signal and the unique characteristics of

Spectrum mask < spread spectrum systems
Underlay mask <€ Captures a definition of interference
Power map < Can capture antenna effects
Propagation map < Can capture environmental effects

Intermodulation masks
Platf \ Captures susceptibility to
attorm < intermodulation

Location Enable greater resolution in
Schedule spectrum management

Minimum power spectral flux density

Protocol or policy < Can capture behaviors that
enable compatible reuse

Most constructs have probability data elements to declare confidence in parts
that are variable or are uncertain



Combining Constructs into Models
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 Constructs are a means to specify the factors
that determine a link budget in all directions

e Modelers build SCMs to identify the power
spectral flux density of transmissions and
allowed interference
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SCMs are built to
protect not to predict!



General Process for Computing
Compatibility

Determine if uses will overlap in time and spectrum

Determine the constraining points (the point of primary
operation and the point of secondary operation that most

restrict the secondary user)
Compute the allowed transmit power of the secondary

Constraining
secondary transmitter

Secondary mobile user

Constraining
primary receiver

Primary broadcast user




IEEE P1900.5.2

e Data Model for SCMs

— Data types for the fundamental data elements required
within each construct

— Data types for sets of transmitters, receivers, and system
models

e Explanations & Definitions
— What each construct captures

— How constructs work collectively to represent use
boundaries

— Methods and algorithms for computing compatibility
e 1900.5.2 WG has completed the draft standard document.



SCM Builder and Analysis Tool -
(O bj e Ctive S) e s

Software tool for elaborating/defining SCM
models in conformance with the 1900.5.2
standard.

Incorporates algorithms to compute the
compatibility between SCMs

— Several single Tx to single Rx receiver cases covered
— Evolving to support more complex scenarios

ldentify limitations in the use of SCMs

Provide feedback and suggest improvements to
the IEEE 1900.5.2 standard elaboration efforts




SCM Builder and Analysis Tool
(Use scenarios)
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SCM Builder and Analysis Tool
(Use scenarios)
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SCM Builder and Analysis Tool
(Architecture)

-

o

GUI

~

:

:
:

4 )
SCM creation >tM Pata SCM
: conversion and
SCM file mgmt. :
formatting
\_ J
N——t
Data
Storage
i 4 ) ;
Setup SCM Compatibility Compatibility
Compatibility : Report
. Calculation
Analysis
\_ J
Compatibility

Results Display

)

J




% Spectrum Consumption Model Analysis Spectrum Consumption Model Analysis

Create a Spectrum Consumption Model

Model Name

| New Spectrum Consumption Model | |

| Open Spectrum Consumption Model | Transmitter/Receiver?

® Transmitter ) Receiver

| Execute Compatibility Test |

| Back ‘ | Create | | Exit |
TabStOinpUt DE 0 DEIO pdel B afz = 0
information —> Reference Power | Spectrum Mask | Power Map | Propagation Map | IMC Mask rIMA Mask rPIatfurm |/Locatiun [ schedule |
for a Tx

| Define Confidence Values |

Model
Reference Power: dBW

Minimum PSFD

Minimum PSFD (dBW/Hz/mz2) 4

Do you want to include 'Protocol or Policy': ) Yes ® No



Spectrum Consumption Model Builder - Tx_Tok

| Reference Power | Spectrum Mask | Power Map | Propagation Map | IMC Mask | IMA Mask | Platform | Location | Schedule

i Define Confidence Values |

This is a frequency hopping system ® No O Yes
) Use relative frequency values Resolution Bandwidth (Mh2) [0.001 |

# Frequency (MHz)|  Power (dB) [ Add Row i | Exit |
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2 81.5 47 1 . .
3 a2 =47 Remove Row | | Save Data I
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Frequency (MHz)




| Reference Power | Spectrum Mask |

Spectrum Consumption Model Builder - Tx_Tot

i Define Confidence Values
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W Surface

Location Index (optional) |

T T
Power Map

) Ralative ta platform

Propagation Map | IMC Mask | IMAMask | Platform | Location | Schedule

() Tewards refarance paoint

Do you want to define a scanning region? L Yes ®

Add Row | |

Save Data

Gain Map

|__# | Elevation Angle | Azimuth Angle | Gain (d8)
i [ |35

|2 L {80 [-20

E] 110 [0 [-25

[4 [135 -30

Remove Row | [

Exit

z-axis




Spectrum Consumption Model Builder - Tx_Tot

| Reference Power | Spectrum Mask | Power Map | Propagation Map | IMC Mask | IMA Mask | Platform | Location | Schedule |

| Define Confidence Values |

Location Index (Optional) | |

Associate model with a specific distant height © Yes ® No

Propagation Map Add new map | |_Previous | | Next
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Spectrum Consumption Model Builder - TestTx01

[ Reference Power | Spectrum Mask | Power Map | Propagation Map | IMC Mask | IMA Mask | Platform | Location | Schedule |

| Define Confidence Values ‘

Add new location | | Previous | | Mext |
Location Index (Optional) [ |
Location Type: |Point |v|
Location - Point
Longitude Latitude Altitude (m) Save

Save & Exit

Exit

il

Spectrum Consumption Model Builder - TestTx01

r Reference Power r Spectrum Mask |/ Power Map |/ Propagation Map |/ IMC Mask |/IMA Mask rPIatfurm |/ Location |/ Schedule

| Define Confidence Values ‘

Location Index (Optional) Srid.ngw schedule || Brevigus || N ‘

Schedule

Period (optional)

Start Time End Time Wait Until On Duration On Duration Off S ave
Save & Exit
Cancel




Tabs to input

, : Spectrum Consumption Model Builder - TestRx01
information [ Reference Power | Underlay Mask | Power Map | Platform | Location | Schedule |
for a Rx

Model ‘ Define Confidence Values |

Reference Power: dBW

Do you want to include 'Protocol or Policy': ' Yes @ No




Spectrum Consumption Model Builder - Rx_Tot

Reference Power | Underlay Mask | Power Map | Platform | Location | Schedule |

Define Confidence Values |

This is a rated underlay mask ® No O Yes

Power Margin method to use: ® Total Power
) Max. Power Density

Resolution Bandwidth (Mhz) (0.0

. i Frequency (MHz) | Power (dB) [ Add Row
i 7l 655 s
12 77 114
13 |83 114 | Remove Row
4 |83 £5.5

Exit

Save Data [
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Compatibility Analysis Report

Compatibility Result: System is not compatible

Graphical result
Power Margin: -3.5346
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Compatibility calculation example. Shown is a receiver’s underlay mask (Blue) and
a transmitter’s adjusted spectrum mask (red)



Compatibility Analysis Report

Graphical result
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Compatibility calculation example. Multiple interferers vs. a bandwidth rated
underlay mask ( [BW Rating (MHz), Power Adjust (dB)]={[0.25, 30], [0.05, 20], [0.02, 10]})
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SCM Builder tool - Future perspectives . -

e |ncorporate XML based SCM schema into tool

— Has suffered delays
— |ts development was not part of the original scope of
the project/tool
e Support more complex compatibility calculation
scenarios

e Release of version 1.0 summer 2016
— Open source

— Create and manage a development group/community
around the tool

e Enhance and promote the use of SCMs in spectrum
management (e.g. SAS interactions)



Conclusions

Spectrum sharing concepts are moving forward towards becoming
the norm in modern spectrum management

— Supported by regulatory/policy decisions
— Supported by new standards
— Supported by technology (small cells)

Spectrum consumption modeling

— |s a supporting framework for current spectrum management initiatives
e Specifying spectrum use in a national SAS

— |Is being standardized by the IEEE Dynamic Spectrum Access Networks
Standards Committee (DySPAN-SC) in project P1900.5.2

* Non-proprietary
* Vendor independent

Spectrum sharing will drive the need for innovations in RF spectrum
management

— Communicating spectrum use
— Enforcement/monitoring of spectrum use
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