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Who are we?Who are we?
Purpose of measurementsPurpose of measurements
ChallengesChallenges
Techniques for measurement Techniques for measurement 
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Radio Spectrum Measurement Program Radio Spectrum Measurement Program --

MissionMission

To provide the Executive 
Branch, critically needed:

Radio spectrum data 

Data analysis 

Reports and summaries
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ResponsibilitiesResponsibilities

Under Departmental Organization Order 25Under Departmental Organization Order 25--7, 7, 
issued 5 October 1992, and amended 3 issued 5 October 1992, and amended 3 
December 1993, the December 1993, the NTIA Office of Spectrum NTIA Office of Spectrum 
Management (OSM) is responsible for Management (OSM) is responsible for 
identifying and making arrangements for identifying and making arrangements for 
measurementsmeasurements necessary to provide NTIA necessary to provide NTIA 
and the various departments and agencies and the various departments and agencies 
with information with information to ensure effective and to ensure effective and 
efficient use of the spectrum.efficient use of the spectrum.
The Radio Spectrum Measurement SystemThe Radio Spectrum Measurement System
(RSMS) resides at ITS and is tasked to (RSMS) resides at ITS and is tasked to 
perform spectrum measurementsperform spectrum measurements as required as required 
to fulfill this mission.to fulfill this mission.



Why LMR Measurements?Why LMR Measurements?

Update Update usage trendusage trend information information 
comparing data collected in mid 70comparing data collected in mid 70’’s s ––
for future LMR spectrum managementfor future LMR spectrum management..
To determine To determine current usage:current usage:
–– to help with decisions regarding how to to help with decisions regarding how to 

makemake federal federal LMR radio operations more LMR radio operations more 
efficientefficient..

–– Provide information for realistic Provide information for realistic design of design of 
possible shared possible shared trunkedtrunked systemsystem..



ChallengesChallenges

Wide dynamic rangeWide dynamic range
–– Need for high sensitivity (low noise figure)Need for high sensitivity (low noise figure)
–– Strong local signalsStrong local signals
–– 100 dB Dynamic Range100 dB Dynamic Range



ChallengesChallenges



ChallengesChallenges

Wide dynamic rangeWide dynamic range
Narrow channel spacingNarrow channel spacing
–– Need to resolve individual channels with a Need to resolve individual channels with a 

minimum of 12.5 kHz spacingminimum of 12.5 kHz spacing
–– Requires: Requires: 

narrow resolution bandwidthnarrow resolution bandwidth
sharp rollsharp roll--offoff
large large stopbandstopband attenuation.attenuation.



ChallengesChallenges

Wide dynamic rangeWide dynamic range
Narrow channel spacingNarrow channel spacing
Differentiation from system noiseDifferentiation from system noise
–– Need to know what is system noise and Need to know what is system noise and 

what is signalwhat is signal



ChallengesChallenges



ChallengesChallenges

Wide dynamic rangeWide dynamic range
Narrow channel spacingNarrow channel spacing
Differentiation from system noiseDifferentiation from system noise
Impulsive noiseImpulsive noise
–– Need to reduce the probability that Need to reduce the probability that 

impulsive noise is mistaken for a signalimpulsive noise is mistaken for a signal



ChallengesChallenges

Wide dynamic rangeWide dynamic range
Narrow channel spacingNarrow channel spacing
Differentiation from system noiseDifferentiation from system noise
Impulsive noiseImpulsive noise
Strong outStrong out--ofof--band signalsband signals
–– System overloadSystem overload
–– Complicate inComplicate in--band thresholdsband thresholds



ChallengesChallenges

Wide dynamic rangeWide dynamic range
Narrow channel spacingNarrow channel spacing
Differentiation from system noiseDifferentiation from system noise
Impulsive noiseImpulsive noise
Strong outStrong out--ofof--band signalsband signals
Strong inStrong in--band signalsband signals
–– System overloadSystem overload



ChallengesChallenges

Wide dynamic rangeWide dynamic range
Narrow channel spacingNarrow channel spacing
Differentiation from system noiseDifferentiation from system noise
Impulsive noiseImpulsive noise
Strong outStrong out--ofof--band signalsband signals
Strong inStrong in--band signalsband signals
–– IntermodulationIntermodulation productsproducts

IM = +/- mF1 +/-nF2



ChallengesChallenges

Wide dynamic rangeWide dynamic range
Narrow channel spacingNarrow channel spacing
Differentiation from system noiseDifferentiation from system noise
Impulsive noiseImpulsive noise
Strong outStrong out--ofof--band signalsband signals
Strong inStrong in--band signalsband signals
–– Sideband noiseSideband noise



Measurement SystemMeasurement System



Measurement ProcedureMeasurement Procedure
Careful site selectionCareful site selection
Signals detected by measuring RF energy at the channel Signals detected by measuring RF energy at the channel 
frequency frequency –– inferring LMR transmissioninferring LMR transmission if signal greater than if signal greater than 
system noise.system noise.
Digitized at Digitized at 30 30 Msamples/sMsamples/s in 5.5 MHz bandwidth chunksin 5.5 MHz bandwidth chunks
Do Do fftfft with with flattop windowflattop window, , decimateddecimated to 12.5 kHz  or 15 kHz to 12.5 kHz  or 15 kHz 
spacing with samples centered on the channels, and spacing with samples centered on the channels, and 
downloaded via internetdownloaded via internet connection.connection.
Acquisition every Acquisition every 200 ms200 ms (up to (up to 480 channels480 channels) ) 
Capability for Capability for message length statisticsmessage length statistics..
Measure for Measure for 4 minutes / 5.5 MHz span4 minutes / 5.5 MHz span and switch to next and switch to next 
span.  Sufficient data to characterize the channel every hour.  span.  Sufficient data to characterize the channel every hour.  
Measure Measure 24 hours/day for a week24 hours/day for a week..
Throw awayThrow away data during data during overloadoverload conditionsconditions



Median ProcessingMedian Processing



Resolution BandwidthResolution Bandwidth



Post Processing Post Processing –– IntermodulationIntermodulation



Post Processing Post Processing –– IntermodulationIntermodulation



Post Processing Post Processing –– IntermodulationIntermodulation



Post Processing Post Processing –– IntermodulationIntermodulation



Post Processing Post Processing –– Sideband NoiseSideband Noise



Post Processing Post Processing –– Min ThresholdMin Threshold



Post Processing Post Processing –– Min ThresholdMin Threshold



Post Processing Post Processing –– Impulsive NoiseImpulsive Noise



SummarySummary

Challenges and SolutionsChallenges and Solutions
–– Wide Dynamic RangeWide Dynamic Range
–– Narrow Channel SpacingNarrow Channel Spacing
–– Differentiation from System NoiseDifferentiation from System Noise
–– Impulsive NoiseImpulsive Noise
–– Strong OutStrong Out--ofof--band Signalsband Signals
–– Strong InStrong In--band Signalsband Signals

OverloadOverload
IntermodulationIntermodulation ProductsProducts
Sideband NoiseSideband Noise

Report Report –– to be published this yearto be published this year
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