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Wireless Broadband  
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Wireless Broadband  

The US National Broadband Plan (Oct 2010) calls for finding 500 
MHz of spectrum for additional broadband  

ÅFrom federal and non - federal sources  

ÅExpect it to be in 225 MHz ï 4400 MHz range  

Å10 year timeframe for implementation  

Å300 MHz in 5 years  

Å40 MHz in MSS targeted initially (i.e., LightSquared base and 
handset)  

The FCC is very committed to finding spectrum for wireless 
broadband  

Neither FCC nor LightSquared seem to have understood what 
targeting MSS would mean for GNSS  

ÅGPS is federal spectrum, managed by National 
Telecommunications Information Administration (NTIA), not FCC  
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Interference with GNSS  
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The Basic Problem  

LightSquared has licensed frequencies in the MSS L -band  

ÅBase stations -  immediately below GPS L1 band  

ÅHandsets -  slightly above GLONASS band  

ÅLimited to low power mobile satellite services  

ÅOnly gap - filling Ancillary Terrestrial Component (ATC) services allowed  

ÅTerrestrial services have to be integrated with satellite service  

LightSquared wants to repurpose its low power satellite frequencies for 

a high power terrestrial 4G broadband network  

ÅMajor interference problems for GNSS receivers and augmentation systems  

LightSquared required a FCC waiver  

ÅConditional Waiver granted on Jan. 26, 2011  

ÅPrimary condition: harmful interference with GNSS has been resolved  

FCC was warned by many parties of GNSS interference before its 

Conditional Waiver  
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LightSquared Frequencies  

LightSquared has four 10 MHz bands, two for base stations, two 
for handsets  
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LightSquared Interference Problems  

Three actual  interference problems  

ÅBase station overload  

ÅAugmentation signals (Deereôs StarFire & Trimbleôs OmniSTAR) 

ÅLightSquared handset uplink transmissions  

Two potential  interference problems  

ÅLightSquared handset out -of-band -emissions (OOBE)  

ÅBase station third order intermodulation (if High 10 and Low 
10 are both used)  

One non -problem  

ÅBase station OOBE ( -100 dBW/MHz)  
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Base Station Overload  

LightSquared signals are 90+ dB stronger than GNSS and augmentation signals  

Filters in GNSS receivers cannot suppress this close, extremely high power  

High Precision wideband receivers cover GNSS + GLONASS bands, and if 
augmented, MSS also  

ïWideband is a requirement for accuracy  

ïThis makes them more susceptible to LightSquared interference  

GLONASS

LightSquared
and

Inmarsat

1525 1559

Normal
MSS
Signal
Power

(StarFire)

LightSquared
Signal
Power

MHz

GPS

1591 1610

GPS
Signal
Power

GLONASS
Signal
Power

GPS Filter for
Older High 
Precision Receiver

GPS Filter for 
Low Precision 
Receiver

GNSS Filter for 
Modern High 
Precision Receiver

Low 10  

High 10  

9 Southern California ION -  November 22, 2011  



Overload  

GNSS BAND

Split signal into bands, 

L1, StarFire, L2, L5, 
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TYPICAL GNSS RECEIVER WITH MSS-BAND AUGMENTATION

ÅA:    -40 dBm LightSquared power ï LNA saturates  

ÅB, C: - 65 dBm LightSquared power ï mixers saturate  

ÅD, E: -80 dBm LightSquared power ï measurements degrade  

Remember 
this 
number 
(Deere 
receiver 
only)  

Overload degradation can occur at three places in a GNSS 
receiver: LNA, Mixers, A/D  
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StarFire and OmniSTAR Augmentation Signals  

StarFire and OmniSTAR signals are broadcast  from satellites in 
the MSS band  

ÅMany agriculture, machine control, survey, and high precision  
GNSS receivers use these augmentation signals  
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Handset Uplink  

TWG testing shows that LightSquared handsets, when operated 
close to a High Precision GNSS receiver, harmfully interfere  
 
 90% Red arrow Power when 90% of the receivers lose lock on all sats Not Observed 

 50% Green arrow Power when 50% of the receivers lose lock on all sats -22 dBm 

 10% Purple arrow Power when 10% of the receivers lose lock on all sats -39 dBm 

 

Note: receivers that didnôt 
lose all  satellites at -15 
dBm are graphed at 0 dBm.  
The maximum LTE power 
used was -15 dBm.  

Note: Effect on GLONASS 
was not tested ï should be 
more than with GPS.  
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Handset Out of Band Emissions  

Analysis shows that LightSquared handsets may interfere with GNSS 
due to their out -ofïband -emissions  

If handsets radiate at FCC authorized maximum ( -90 dBW/MHz):  

ÅOne handset at 1m causes 16 dB of GNSS C/N 0 degradation  

Å50 handsets at 10m causes 13 dB of GNSS C/N 0 degradation  

Å10 handsets at 10m causes 7 dB of GNSS C/N 0 degradation  

Å50 handsets at 50m causes 4 dB of GNSS C/N 0 degradation  

 

 

 

 

 

Handset OOBE could be more significant than base station interference  

This issue also exists with other systems (Globalstar, Iridium, PCS, 
perhaps Dish)  

1 OOBE Specification  -60  dBm/MHz  

2 OOBE power density  -120  dBm/Hz  

3 OOBE power density / handset @ 1 meter  -156.5  dBm/Hz  

4 Thermal Noise power density  -174  dBm/Hz  

5 Noise Figure (example)  1.5  dB 

6 Equivalent Thermal Noise power density  -172.5  dBm/Hz  

7 Total power density ( 3 + 6)  -156.4  dBm/Hz  

8 Noise Floor Degradation ( 6 ï 7)  16.1  dB 
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Base Station at 100m, Handset at 2m  

14  Southern California ION -  November 22, 2011  



IM3  

In -band Third Order Intermodulation (IM3)  

ÅOnly occurs if High 10 and Low 10 are used  

ÅHigh 10 + Low 10 can create over 100 million 
intermodulation products within the GNSS band  

ÅPower in these IM products caused High 10 + Low 10  to be 
more than twice as bad as either High 10 + Low 10 alone 
in TWG testing  

ÅEven if filtering were feasible, high precision GNSS 
receivers would still suffer C/N 0 degradation caused by 
intermodulation interference more than a hundred meters 
from the transmitter  
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LightSquaredôs 
Evolving Plans  
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LightSquared Plans  

LightSquared plans have been evolving as interference was proven:  

ÅOriginal -  Low 10 + High 10 for base stations (35 dBW)  

ÅRevised ï Low 10 now, High 10 later (35 dBW)  

ÅCurrent ï Low 10 now, High 10 later, reduced power, 
augmentation signals placed immediately below GNSS band  
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Current LightSquared Plan  

LightSquaredôs current proposed plan: 

ÅLow 10 only (for now)  

ÅLightSquared says they will need High 10 in 5 -6 years  

ÅLimit power on the ground  

Å-30 dBm now  

Å-27 dBm after January 1, 2015  

Å-24 dBm after January 1, 2017  

ÅPlace augmentation signals very close to GNSS band  

ÅGNSS filters can include augmentation signals in future receivers  

This is an improvement on prior plans, but is not adequate  
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Current LightSquared Plan ï Limit Power  

Limits aggregate power 50m on ground from a base station into 
0 dBi antenna to:  

Å-30 dBm initially  

Å-27 dBm after Jan. 1, 2015  

Å-24 dBm after Jan. 1, 2017  

This implies a significant power reduction, reduced interference 
ranges  

32 dBW gives -8.3 dBm at 58m, 30m tower  

17.6 dBW gives -24 dBm at 58m, 30m tower  
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Current LightSquared Plan ï Augmentation  

Places augmentation signals next to GNSS band  

ÅIf future receivers have to accommodate Low 10, this would 
permit the filters that include GNSS to include augmentation 
also  

1525 1540 1555 1570 1585 1600 1615 1630 1645 1660

GPS GLONASS

StarFire Filtering

StarFire
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Problems with the Current LightSquared Plan  

The remaining problems  

ÅIt doesnôt deal with existing receivers 

ÅPrecision receivers, in particular, are still badly impacted  

ÅWe are still affected at ranges we canôt accept 

ÅSerious interference with high precision receivers at 4 -5 km  

ÅThere is no permanent surrender of High 10  

ÅWe know of no way to ever coexist with High 10  

ÅIt does nothing to address the handset issue  

ÅThis could be as big an issue as the base stations  

ÅIt does not address aviation and other situations  
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The Regulatory 
Situation  
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History  

1989 ï LightSquared* gets FCC approval for satellite only service  

2003 ï FCC authorization for very limited gap filler Ancillary Terrestrial 
Component (ATC)  

ÅñWe will authorize MSS ATC subject to conditions to ensure that the 
added terrestrial component remains ancillary to the principal MSS 
offering.  We do not intend, nor will we permit, the terrestrial 
component to become a stand -alone service.ò 

2005 ï ATC adjustments, limited gap filler ATC use reaffirmed  

ÅñWe reiterate and affirm that the terrestrial service is to be offered 
on an ancillary basis by satellite licenseesò 

2011 ï Conditional Waiver permits primary terrestrial only service  

ÅReverses all prior assurances on ATC  

ÅFundamentally changes the MSS band from satellite to terrestrial  

ÅFCC was warned before the Conditional Waiver by federal agencies 
and commercial companies that interference with GPS would result  

*LightSquared is used for itself and its four predecessor companies (AMSC, Motient, MSV, SkyTerra)  
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LightSquaredôs Position 

LightSquared maintains:  

ÅGNSS receivers are encroaching on LightSquaredôs spectrum 

ÅThe GNSS industry should have known as early as 2001 that 
the MSS spectrum would eventually be used for a ubiquitous 
stand alone high power terrestrial broadband network  

ÅGNSS manufacturers were obligated to use the past decade 
to redesign their defective receivers and replace those in the 
field  

ÅBy failing to do so, the GNSS industry has forfeited its right 
to complain or seek compensation  
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Problems with the Conditional Waiver  

Interference with GNSS  

ÅIntense opposition from commercial GNSS users and companies  

ÅMany Government agencies (DOD, DOT, DOI, FAA, DHS, NASA, etc.) strongly 

opposed  

Fairness  

ÅATT and Verizon each operate nationwide 4G LTE networks with 10 MHZ of 

spectrum that cost billions of dollars at auction  

Å LightSquared conversion of satellite spectrum to terrestrial spectrum avoids this cost  

Spectrum Re -Purposing  

ÅDid not follow the required FCC Notice of Proposed Rulemaking process  

Cost  

ÅCost to upgrade existing base of GNSS receivers is very high (billions of $)  

ÅFCC precedents require new entrants to reimburse existing spectrum users  

Schedule  

ÅFinal approval of Waiver might permit very little time for receivers to be upgraded 

or replaced  
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Testing to Date  
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Many sets of tests and analyses have been conducted to date, 
including:  

ÅGovernment testing in New Mexico -  April 2011  

ÅTechnical Working Group (TWG) ï June 2011  

ÅIndependent GNSS manufacturer tests  

ÅIndependent Federal agency tests  

ÅGovernment testing in New Mexico -  November 2011  

The largest test was conducted by the TWG  

ÅRequirement of the FCCôs Conditional Waiver 

Testing  
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The Technical Working Group (TWG) Testing  

The FCC-ordered interference testing found major interference 
with GPS for all classes of GPS receivers:  

ÅCellular  

ÅAviation  

ÅHigh Precision  

ÅGeneral Navigation  

Findings: the harmful interference  

Åis not limited to High Precision receivers  

Åis not limited to short ranges  

Åis not limited to High 10  
ÅLow 10 alone also causes harmful interference  

Åaffects Augmentation signals as well as GPS  

 

ÅTiming  

ÅNetwork  

ÅSpace  
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The TWG High Precision Testing  
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Low 10 + High 10 TWG Test Results  

90% Red arrow  Power when 90% of the receivers lose 1 dB in L1 C/N0 -55 dBm  

50% Green arrow Power when 50% of the receivers lose 1 dB in L1 C/N0 -72 dBm  

10% Purple arrow Power when 10% of the receivers lose 1 dB in L1 C/N0 -83 dBm  
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Interference Range ï Live Sky Test in Las Vegas  

LTE power at 32 
dBW, mixture of 5H 
and 5H+5L 
measurements  

Note -65 dBm power 
at 22 km 

Note LTE power above free space model 
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Low 10 TWG Test Results  

90% Red arrow  Power when 90% of the receivers lose 1 dB in L1 C/N0 -25 dBm  

50% Green arrow Power when 50% of the receivers lose 1 dB in L1 C/N0 -43 dBm  

10% Purple arrow Power when 10% of the receivers lose 1 dB in L1 C/N0 -67 dBm  
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Low 10 Testing at White Sands ï April 2011  

Graphs are from 
a Deere receiver 
in the anechoic 
chamber at 
White Sands, 
New Mexico 
during Govt. 
testing  

All satellites lost at 
-50 dBm (free 
space range of 3.5 
km)  

33  Southern California ION -  November 22, 2011  



Government Testing in New Mexico ï Nov 2011  

NTIA and FCC ordered new testing of Low 10  

ÅCellular and general navigation completed  
ÅConducted tests at SPAWAR in San Diego  

ÅRadiated tests in anechoic chamber in New Mexico  

ÅReport due Nov. 30, 2011  

ÅResults not known yet  

ÅMany general navigation receivers tested  

ÅWe understand only 5 cellular devices were tested  

ÅMore high precision testing later once filters and modified 
receivers are available  
ÅNot scheduled yet  
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Potential Mitigations  
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Mitigations  

LightSquaredôs has proposed various mitigations: 

ÅUpgrade receivers with new filters or replace them  

ÅDelay (but not abandon) use of High 10  

ÅUnderestimate the number of affected receivers  

ÅUnderestimate Low 10 effects on GNSS receivers  

ÅLimit initial rollout to urban areas  

ÅFrequency coordination  

ÅReduced power on the ground  

These do not eliminate the harmful interference to GNSS  

ÅAnd they do not eliminate the interference to augmentation 
systems  
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LightSquared Filters ï High 10  

It is not feasible to design a GNSS receiver that performs as 
well as those we now have if High 10 MHz is present  

ÅHigh 10 MHz is 1545 MHz ï 1555 MHz  

ÅGNSS band starts at 1559 MHz  

ÅLightSquared base stations have to roll off to -100 dBW/MHz 
in the 4 MHz gap  

ÅGNSS receivers would have to roll off ~50 dB in 2 -3 MHz  

ÅRoll off this sharp has major consequences to GNSS 
performance  

ÅOnly technology that does this is cavity filters, which are not 
feasible in almost any GNSS receivers  
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LightSquared Filters ï Low 10  

LightSquared suggests a ñ$6ò filter that will resolve problems with Low 
10 for high precision receivers  

ÅExisting high precision receivers are still degraded by Low 10  

ÅThis filter unacceptably reduces receiver sensitivity ï 3 dB insertion 
loss  

ÅWe are not sure what performance problems we will encounter  

ÅThis filter might not permit augmentation signals to be included  

ÅA new filter cannot simply be inserted into a receiver ï there is a 
complex system design involved  

ÅCost to redesign, manufacture, and swap out fielded receivers is far 
more than $6  
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Current Status  
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Current Status ï FCC and NTIA  

FCC and NTIA  

ÅReviewing the prior interference studies  

ÅFCC very clearly wants to allow at least Low 10  

ÅNational broadband is an Administration goal  

ÅAcceptable to FCC if commercial entities suffer harm ï shared pain 
concept  

ÅFCC has no required decision timeline -  not likely until 1Q12 at 
earliest  

ÅEventual decision uncertain ï federal agencies may play a 
crucial role  

ÅNew testing of Low 10 ordered  

ÅCellular and general navigation completed ï report due Nov. 30, 
2011  

ÅMore high precision testing later once filters are available  
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Current Status ï LightSquared  

LightSquared  

ÅVery strong lobbying and public relations efforts  

ÅConducting testing of high precision receivers at Alcatel -Lucent  

ÅJavad GNSS announced receivers that are LightSquared 
compatible  

ÅHas threatened to sue FCC if not approved  
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Current Status ï Congress  

Congress  

ÅSeveral House hearings have been held (Science and 
Technology, Armed Services, Small Business)  

ÅCautionary letters sent to FCC  

ÅSome are calling for investigations of LightSquared  
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Current Status ï GNSS Industry  

US GPS Industry Council  

ÅCo- leader of TWG testing  

ÅMany filings with FCC opposing LightSquared  

Coalition to Save our GPS  

ÅMany companies are active  

ÅMany filings with FCC opposing LightSquared  

ÅLobbying, engaging affected parties  

GNSS Companies  

ÅMany have actively and vocally opposed LightSquared  

ÅParticipating in testing, conducting own tests  

ÅFCC and NTIA visits  

ÅLobbying, engaging affected parties  

Trade Press  

ÅMany articles opposing LightSquared, educating users  
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November 2011  

PNT Meeting  
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PNT Meeting  

National Space -Based Position, Navigation, and Timing Advisory 
Board met on Nov. 9, 2011  

ÅSee www.pnt.gov/advisory/2011/11/#LS -panel  

Presentations made by:  

ÅLightSquared (Martin Harriman)  

ÅJavad GNSS (Javad Ashjaee)  

ÅGarmin (Scott Burgett)  

Excerpts of these three presentations are shown next  

ÅRed arrows added to mark items worthy of comment  
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PNT Meeting  
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