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Wireless Broadband



Wireless Broadband

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

AFrom federal and non -federal sources
AExpectitto be in 225 MHz i 4400 MHz range
A 10 year timeframe for implementation

A300 MHz in 5 years

A40 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

AGPS is federal spectrum, managed by National
Telecommunications Information Administration (NTIA), not FCC
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Interference with GNSS



The Basic Problem

LightSquared has licensed frequencies in the MSS L -band

A Base stations - immediately below GPS L1 band

A Handsets - slightly above GLONASS band

A Limited to low power mobile satellite services

A Only gap -filling Ancillary Terrestrial Component (ATC) services allowed

A Terrestrial 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

A Major interference problems for GNSS receivers and augmentation systems

LightSquared required a FCC waiver
A Conditional Waiver granted on Jan. 26, 2011
A Primary 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

LightSquared Frequencies
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LightSquared Interference Problems

Three actual interference problems

ABase station overload

AAugmentation signals (Deereb6s St a
A LightSquared handset uplink transmissions

Two potential interference problems
A LightSquared handset out  -of-band -emissions (OOBE)

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

One non -problem
ABase 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

I Wideband is a requirement for accuracy
I This makes them more susceptible to LightSquared interference
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Overload

Overload degradation can occur at three places in a GNSS
receiver: LNA, Mixers, A/D

TYPICAL GNSS RECEIVER WITH MSS-BAND AUGMENTATION
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StarFire and OmniSTAR Augmentation Signals

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

AMany 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% Greenarrow 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
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Handset Out of Band Emissions

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

If handsets radiate at FCC authorized maximum ( -90 dBW/MH2):
A One handset at 1m causes 16 dB of GNSS C/N o degradation
A 50 handsets at 10m causes 13 dB of GNSS C/N o degradation
A 10 handsets at 10m causes 7 dB of GNSS C/N o degradation
A 50 handsets at 50m causes 4 dB of GNSS C/N o degradation

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( 61 7) 16.1 dB

Handset OOBE could be more significant than base station interference

This issue also exists with other systems (Globalstar, Iridium, PCS,
perhaps Dish)
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Base Station at 100m, Handset at 2m
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IM3

In -band Third Order Intermodulation (IM3)
A Only occurs if High 10 and Low 10 are used

AHigh 10 + Low 10 can create over 100 million
iIntermodulation products within the GNSS band

A Power 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

A Even if filtering were feasible, high precision GNSS
receivers would still suffer C/N o degradation caused by
Intermodulation interference more than a hundred meters
from the transmitter

15 Southern California ION - November 22, 2011



L1 ght Sqguar e
Evolving Plans



LightSquared Plans

LightSquared plans have been evolving as interference was proven:
AOriginal - Low 10 + High 10 for base stations (35 dBW)
ARevised i Low 10 now, High 10 later (35 dBW)

ACurrent 7 Low 10 now, High 10 later, reduced power,
augmentation signals placed immediately below GNSS band

Current LightSquared Proposal
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Current LightSquared Plan

Li ght Squaredos current proposed pl e

ALow 10 only (for now)
A LightSquared says they will need High 10 in 5 -6 years

A Limit power on the ground
A -30 dBm now
A -27 dBm after January 1, 2015
A -24 dBm after January 1, 2017

APlace augmentation signals very close to GNSS band
A GNSS 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 I Limit Power

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

A-30 dBm initially
A-27 dBm after Jan. 1, 2015
A-24 dBm after Jan. 1, 2017

This implies a significant power reduction, reduced interference

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

Power

o 17.6 dBW gives -24 dBm at 58m, 30m tower

58m
30m
Tower

-24 dBm
Receive Power,
0 dBi antenna

GNSS
Receiver

50m
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Current LightSquared Plan

I Augmentation

Places augmentation signals next to GNSS band

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

also
StarFire Filtering
StarFire
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- o
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Problems with the Current LightSquared Plan

The remaining problems

Al't doesnét deal with existing rec
A Precision receivers, in particular, are still badly impacted

AwWe are still affected at ranges w
A Serious interference with high precision receivers at 4 -5 km

AThere is no permanent surrender of High 10
A We know of no way to ever coexist with High 10

At does nothing to address the handset issue
A This could be as big an issue as the base stations

At does not address aviation and other situations
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The Regulatory
Situation



History

1989 1 LightSquared* gets FCC approval for satellite only service
2003 1 FCC authorization for very limited gap filler Ancillary Terrestrial
Component (ATC)

Aiwe will authorize MSS ATC subject to
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 -al one service.o

2005 1 ATC adjustments, limited gap filler ATC use reaffirmed

AiWe reiterate and affirm that the ter
on an ancillary basis by satellite |1

2011 7 Conditional Waiver permits primary terrestrial only service
A Reverses all prior assurances on ATC
A Fundamentally changes the MSS band from satellite to terrestrial

A FCC 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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Li ght Squaredos Position

LightSquared maintains:
AGNSS receivers are encroaching on

AThe 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

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

A By failing to do so, the GNSS industry has forfeited its right
to complain or seek compensation
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Problems with the Conditional Waliver

Interference with GNSS
A Intense opposition from commercial GNSS users and companies

A Many Government agencies (DOD, DOT, DOI, FAA, DHS, NASA, etc.) strongly
opposed

Fairness

A ATT and Verizon each operate nationwide 4G LTE networks with 10 MHZ of
spectrum that cost billions of dollars at auction
A LightSquared conversion of satellite spectrum to terrestrial spectrum avoids this cost

Spectrum Re -Purposing

A Did not follow the required FCC Notice of Proposed Rulemaking process

Cost
A Cost to upgrade existing base of GNSS receivers is very high (billions of $)
A FCC precedents require new entrants to reimburse existing spectrum users

Schedule

A Final approval of Waiver might permit very little time for receivers to be upgraded
or replaced
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Testing to Date



Testing

Many sets of tests and analyses have been conducted to date,
including:

A Government testing in New Mexico - April 2011

A Technical Working Group (TWG) I June 2011
Alndependent GNSS manufacturer tests

Alndependent Federal agency tests

A Government testing in New Mexico - November 2011

The largest test was conducted by the TWG
ARequi rement of the FCCo6s Conditio
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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:

ACellular ATiming
A Aviation ANetwork
AHigh Precision ASpace

A General Navigation

Findings: the harmful interference

Ais not limited to High Precision receivers
Alis not limited to short ranges

Ais not limited to High 10

A Low 10 alone also causes harmful interference

A affects Augmentation signals as well as GPS
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The TWG High Precision Testing
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Low 10 + High 10 TWG Test Results
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Interference Range I Live Sky Test in Las Vegas

Rural Tower 53, May 20, 24 and 25, 2011
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Low 10 TWG Test Results
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Low 10 Testing at White Sands

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

All satellites lost at
-50 dBm (free
space range of 3.5
km)
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Government Testing in New Mexico I Nov 2011

NTIA and FCC ordered new testing of Low 10

A Cellular and general navigation completed
A Conducted tests at SPAWAR in San Diego
A Radiated tests in anechoic chamber in New Mexico
A Report due Nov. 30, 2011
A Results not known yet
A Many general navigation receivers tested
A We understand only 5 cellular devices were tested

AMore high precision testing later once filters and modified
receivers are available
A Not scheduled yet
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Potential Mitigations



Mitigations

Li ght Squaredoés has proposed vari ou:
AUpgrade receivers with new filters or replace them
ADelay (but not abandon) use of High 10
AUnderestimate the number of affected receivers
AUnderestimate Low 10 effects on GNSS receivers
A Limit initial rollout to urban areas
AFrequency coordination
AReduced power on the ground

These do not eliminate the harmful interference to GNSS

A And they do not eliminate the interference to augmentation
systems
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LightSquared Filters I 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

AHigh 10 MHz is 1545 MHz i 1555 MHz
A GNSS band starts at 1559 MHz

A LightSquared base stations have to roll off to -100 dBW/MHz
in the 4 MHz gap
A GNSS receivers would have to roll off ~50 dB in 2 -3 MHz
ARoll off this sharp has major consequences to GNSS
performance

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

Li ght Sgquared suggests a n$60 filter th
10 for high precision receivers

A Existing high precision receivers are still degraded by Low 10

A This filter unacceptably reduces receiver sensitivity I 3 dB insertion
loss

A We are not sure what performance problems we will encounter
A This filter might not permit augmentation signals to be included

A A new filter cannot simply be inserted into a receiver I thereis a
complex system design involved

A Cost to redesign, manufacture, and swap out fielded receivers is far
more than $6

38 Southern California ION - November 22, 2011



Current Status



Current Status I FCC and NTIA

FCC and NTIA
AReviewing the prior interference studies

AFCC very clearly wants to allow at least Low 10
A National broadband is an Administration goal

A Acceptable to FCC if commercial entities suffer harm I shared pain
concept
AFCC has no required decision timeline - not likely until 1Q12 at
earliest
A Eventual decision uncertain i federal agencies may play a
crucial role
ANew testing of Low 10 ordered
A Cellular and general navigation completed I report due Nov. 30,
2011

A More high precision testing later once filters are available
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Current Status I LightSquared

LightSquared
AVery strong lobbying and public relations efforts
A Conducting testing of high precision receivers at Alcatel - Lucent

AJavad GNSS announced receivers that are LightSquared
compatible

AHas threatened to sue FCC if not approved
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Current Status I Congress

Congress

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

A Cautionary letters sent to FCC
A Some are calling for investigations of LightSquared
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Current Status I GNSS Industry

US GPS Industry Council
A Co-leader of TWG testing
AMany filings with FCC opposing LightSquared

Coalition to Save our GPS
AMany companies are active
AMany filings with FCC opposing LightSquared
A Lobbying, engaging affected parties
GNSS Companies
AMany have actively and vocally opposed LightSquared
A Participating in testing, conducting own tests
AFCC and NTIA visits
A Lobbying, engaging affected parties
Trade Press
AMany articles opposing LightSquared, educating users
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November 2011
PNT Meeting



PNT Meeting

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

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

Presentations made by:
ALightSquared (Martin Harriman)
AJavad GNSS (Javad Ashjaee)
A Garmin (Scott Burgett)

Excerpts of these three presentations are shown next
ARed arrows added to mark items worthy of comment
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Martin Harriman
EVP, Ecosystem Development & Satellite Business

LieHESQuarep Ej
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LightSquared and GPS coexistence

LightSquared Original Deployment Plan

- MSS/ATC Band (Downlink)

23 MHz of Separétion

ATC GPS
1525 MHz 1559 MHz 1575.42 MHz 1610 MHz
Revised
Deployment
Plan

Plus LightSquared commitment to maximum ground power levels

- 7
l_lGH!:SQUEI‘ED I I PNT Advisory Board November 9, 2011
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Demonstrated technical feasibility and
ecosystem enablement
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LightSquared Offers Superior Communications for GPS

= |ightSquared’s network design and wholesale model
create superior RF connectivity at significantly lower
cost

* Changing paradigm for all GPS manufacturers

= Javad was the first to recognize this enormous

opportunity
L_IGHﬁsauar'ED (Lj PNT Advisory Board November 9, 2011
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LightSquared Can
Complement GPS

Javad Ashjaee
JAVAD GNSS

Presentation to PNT Board

November 9, 2011
Crowne Plaza Hotel, Alexandria, VA
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Old Filter System

$20
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and
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New Filter System
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New Filter System

L1
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Old/Wide

16 dB
Attenuator

Receiver Receiver
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