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FOREWORD

This report was prepared by Special Committee 159 (RTCA SC-159) and approved by the RTCA
Program Management Committee (PMC) on June 3, 2011.

RTCA, Inc. is a not-for-profit corporation formed to advance the art and science of aviation and aviation
electronic systems for the benefit of the public. The organization functions as a Federal Advisory
Committee and develops consensus based recommendations on contemporary aviation issues. RTCA's
objectives include but are not limited to:

e coalescing aviation system user and provider technical requirements in a manner that helps
government and industry meet their mutual objectives and responsibilities;

¢ analyzing and recommending solutions to the system technical issues that aviation faces as i
continues to pursue increased safety, system capacity and efficiency;

e developing consensus on the application of pertinent technology to fulfill user and proviaar
requirements, including development of minimum operational performance standar 1s for electronic
systems and equipment that support aviation; and

e assisting in developing the appropriate technical material upon which positic.»s for the International
Civil Aviation Organization and the International Telecommunication* ‘nio.> and other appropriate
international organizations can be based.

The organization's recommendations are often used as the basis for g2\ 2*nment and private sector
decisions as well as the foundation for many Federal Aviation Ariininis.-ation Technical Standard Orders.

Since RTCA is not an official agency of the United States Gaveiament, its recommendations may not be
regarded as statements of official government policy unl:ss so cnunciated by the U. S. government
organization or agency having statutory jurisdiction over anv matters to which the recommendations
relate.
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Executive Summary

This report documents a study conducted by RTCA Special Committee 159 in response to a request from
the Federal Aviation Administration to address the issue of compatibility between the operation of a
terrestrial wireless broadband network in the bands 1525-1559/1626.5-1660.5 MHz by LightSquared,
pursuant to its FCC license, and GPS receivers onboard aircraft. The report addresses the issues
analytically based on existing domestic and international standards and includes results of tests of four
certified aircraft GPS receivers.

The study concludes that the current LightSquared terrestrial authorization would be incompatible with
the current aviation use of GPS, however modifications could be made to allow the LightSquared system
to co-exist with aviation use of GPS. The study’s conclusions and recommendations are strictly based on
an assumed set of operational parameters for the LightSquared system and identified source mitigations.
These operational parameters would produce less Radio Frequency Interference (RFI) than if
LightSquared were to operate at its fully-authorized limits.

In addition, the analysis is based upon the assumption that all equipment is minimally compliant with the
interference rejection requirements in harmonized domestic and international standards. Additionally
since GPS is an aviation safety service, the analysis includes a 6 dB safety margin as is standard practice.
Results from the four receivers tested show that these receiver models are significantly more resilient to
interference from the LightSquared terrestrial base stations than limits derived from the standards.

The impact of a LightSquared upper channel spectrum deployment is expected to be complete loss of
GPS receiver function. Because of the size of the single-city station deployment, GPS-based operations
below about 2000 feet will be unavailable over a large radius from the metro deployment center
(assuming no other metro deployments are nearby). Given the situation in the high altitude U.S. East
Coast scenario, GPS-based operations will likely be unavailable over a whole region at any normal
aircraft altitude.

The results of this study indicate that terrestrial base station operation at the lower 5 MHz wide channel
(1526.3 — 1531.3 MHz) is compatible with aviation GPS operations for all the representative scenarios
(including both signal tracking and initial acquisition). The study indicates that for terrestrial base stations
using only the lower 10 MHz channel at 1526-1536 MHz, there is a small positive margin for GPS
tracking (but not necessarily initial acquisition) in the presence of mean aggregate terrestrial network
interference. As noted above, these conclusions are based upon specific assumptions about LightSquared
operation.

The main recommendations from this aviation GPS receiver operational assessment are:
1. From an aviation perspective, LightSquared upper channel operation should not be allowed.

2. Further study is recommended to more carefully determine a refined terrestrial base station power
versus frequency limit considering:

a. determination of the lowest path loss for the low altitude enroute scenario,

b. confirmation of acceptable receiver susceptibility for GPS initial acquisition and signal
tracking in the presence of the 10 MHz bandwidth terrestrial network interference,

c. computation of the cumulative probability distribution function for the aggregate path
loss.

©2011 RTCA, Inc.
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1.1.2

INTRODUCTION
Background
Brief History

LightSquared, whose planned signals are the subject of analyses in this report, is a
privately held company. Its predecessor companies were SkyTerra Communications, Inc.
(SkyTerra), Mobile Satellite Ventures (MSV), Motient Services Inc. and American
Mobile Satellite Company (AMSC). The initial L-Band Mobile-Satellite Service (MSS)
license, currently held by LightSquared, was issued by the Federal Communications
Commission (FCC) to AMSC in 1989. In 2001, LightSquared (then MSV) filed the first
application to deploy an integrated satellite-terrestrial system to provide broadband
wireless communications, wusing L-band frequencies already authorized for
LightSquared’s MSS use in the band 1525-1559 MHz (space-to-Earth).

To address concerns regarding potential interference to GPS L1 signals, in 2002
LightSquared voluntarily agreed to meet certain restrictive emission limits in the band
1559-1610 MHz. In 2003, the FCC established, and then revised in 2005, rules for
Ancillary Terrestrial Component (ATCt)" service in various MSS bands, including the L-
band. The FCC defined “ancillary” based on a number of criteria, including the provision
of “integrated service,” for which it created a safe harbor if all customers used dual-mode
handsets capable of communicating via both MSS and ATC. In 2004, the FCC granted
LightSquared’s application for ATCt authority. In its 2005 Second Order on
Reconsideration, the FCC, among other things, granted an 8 dB increase in power over
the power limits authorized in 2003 (See, 47 CFR 25.253 (d)(1)-(6)).

RTCA Special Committee-159 (SC-159) took note of some of the ATCt regulatory
developments and unwanted out-of-band emissions (OOBE) limits but did not study
fundamental emission overload effects in RTCA/DO-235B [1-1].

No ATCt deployment was made between 2003 and 2010.
Further Developments Since 2009

In March 2010, the FCC authorized the transfer of control of LightSquared to Harbinger
Capital Partner Funds and imposed a condition that LightSquared expeditiously deploy a
nationwide network, which would consist of approximately 36,000 base stations,
covering hundreds of millions of people.

In an order issued on the same day, the FCC separately approved LightSquared’s 2009
ATCt modification application seeking additional flexibility for the technical operation of
the ATCt network (including allowance for a base station to transmit at power levels up
to 42 dBW effective isotropic radiated power (EIRP) per sector; see section 2.4 for
specific technical details).

On November 18, 2010, LightSquared applied to the FCC for a license modification that
would permit the use of terrestrial-only devices on its ATCt network. The application
proposed no technical or operational changes to the ATCt network. In response, the GPS
community first raised concerns to the FCC that high-powered LightSquared terrestrial
transmitters adjacent to the 1559 MHz band edge would overload GPS signal reception.

! This report uses ATCt as the abbreviation for Ancillary Terrestrial Component rather than the FCC designation,
ATC, to avoid confusion with the standard aviation abbreviation (ATC) for air traffic control.
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