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WORKSHOP PRESENTATION SUMMARIES AND DISCUSSION NOTES

Presentation #1 “Overview of GPS Adjacent Band Compatibility Assessment”,
Karen Van Dyke

Presentation Summary: This briefing outlined the background of the DOT GPS
Adjacent Band Compatibility Assessment program and the high-level attention and
commitment to this effort within the U.S. Department of Transportation. The briefing
also explained the need for partnerships in order to be successful — partnerships with
the other civil departments and agencies, the Air Force GPS Directorate, and industry
including all participants of today’s workshop.

Discussion (Comments consolidated and paraphrased to the extent possible):

1. There was a question as to what the end product of this study will be and
whether there will be recommendations for spectrum regulation.
a. The GPS Adjacent Band Compatibility program will conduct a technical
analysis and provide recommendations to prevent harmful interference to
GPS and GNSS, but DOT is not authorized for any spectrum regulatory
decisions.

2. There also was a question as to whether this program will consider future
receiver technologies for improved filtering.
a. In future phases of the program this will be considered, but the near-term
portion of this effort is focused on current GPS receivers

3. There was discussion of whether this program will consider transmitter Out-Of-
Band Emissions (OOBE) and the answer is “yes”.

4. Finally there was a question on whether the process outlined is open to first
evaluating adjacent compatibility on the uplink portion of the Mobile-Satellite
Services (MSS) band between 1610-1660 MHz since this portion of the band
that may initially have more service capability from handsets.

a. The answer is “yes”, but it likely will be worked in parallel with the lower
portion of the band.



Presentation #2 “The Volpe Center GPS Adjacent Band Compatibility Program
Plan”, Hadi Wassaf

Presentation Summary: The presentation provides the approach and outline of a
proposed implementation plan for the GPS Adjacent Band Compatibility Assessment
Plan focus on all civil GPS applications other than certified aviation.

The Government’s approach is of openness and transparency by finding avenues, such
as the current workshop, to encourage public participation to address implementation of

the GPS Adjacent Band Compatibility issues.

The near term implementation plan goals are 1) Identification of current representative
GPS receivers and use cases, 2) Development of interference tolerance masks, 3)
Development of interaction scenarios, and 4) Specifying the adjacent-band application

transmitter power limits.

Discussion of the effort included the goals of gathering GPS receiver and antenna
characteristics, conducting GPS receiver and antenna testing, developing GPS receiver
mask models and analysis and transmit network modeling, implementing deterministic
and probabilistic propagation models, and collecting future and multi-channel GNSS

receiver specifications.

Finally, it is important to identify any potential issues moving forward and possible
mitigations.

Discussion (Comments consolidated and paraphrased to the extent possible):

1. There was discussion of whether the 1-dB SNR Loss is an acceptable criterion
for receiver performance degradation due to RFI. There were differing points of

view on this topic.

One view is that this criterion was used in the past as a matter of expediency, but
additional work is needed in this area going forward. The other view is that the 1-
dB SNR Loss criterion was used in the previous studies after lengthy discussion,
which we cannot afford to restart in the present program.

It was noted that the 1-dB SNR Loss criterion has been accepted by National
Telecommunications and Information Administration (NTIA) and International

Telecommunication Union (ITU).

2. Will the Interaction Scenario consider the previous work by the LightSquared
Technical Working Group (TWG)?
a. Yes. The difference between the previous RFI modeling and the RFI
modeling of the GPS Adjacent Band Compatibility program is that the
previous effort addressed a fixed network as the source of interference,



whereas now we try to characterize the interference from any network
design, as specified through several design parameters.

Presentation #3 “GPS Receivers Use-Case Information”, Hadi Wassaf

Presentation Summary: This presentation describes the information and specification
that is needed from receiver manufacturers to support the development of maximum
acceptable transmit power level from an adjacent band application. The primary data of
interest is the interference power levels that result in 1 dB degradation in SNR as a
function of frequency offset from GPS. The band over which this mask is planned to be
defined is the 1500-1700 MHz band. Additional test data such as power levels that
cause loss of tracking and loss of lock, as well as specification information that helps
with sensitivity analysis as well as extending the narrowband interference results to
more general broadband sources via modeling is also desired.

The presentation included initial GPS use-case information collected from the civil
departments and agencies with recognition that feedback is needed from industry on
the use cases and representative receivers since the initial government agency
responses are NOT representative of all use cases. It is important to understand the
GPS receiver applications that are important from an industry perspective. The
collection of use case information from Department and Agencies is expected to be
completed by October 15". Future workshops will be set up where industry presents on
use case information, as well as current representative GPS receivers, to ensure no
critical applications of GPS are left out.

Discussion (Comments consolidated and paraphrased to the extent possible):

1. There was discussion that probabilistic models of interference are not
appropriate for navigation. You can be in an alley and lose your fix, and then turn
around the corner and get your fix back (this was precipitated by the reference to
terrain modeling characteristics affecting the interference)

a. The type of probabilistic interference considered in this program refers to
the uncertainty on the propagation loss which depends on the expected
spatial diffraction characteristics along the transmitter/receiver path.
Reference to propagation loss that may be x-dB off its median value
means there is a probability of having at least X-dB propagation loss all
the time. The median path l0oss (Xvediands) Mmeans that there is a 50%
probability that the actual path loss is greater than or equal to Xwvedian ds-

2. There was a request for a Blank Use Case Template. The Use Case Template
will be made available on the www.gps.gov website.

3. It was noted that fishing vessels use GPS and communication devices. It is an
environment with multiple use of signals.



Presentation #4 “Description of Needed Manufacturer GPS Receiver Data”, Hadi
Wassaf

Presentation Summary: This presentation describes the information and
specifications that are needed from GPS receiver manufacturers to support the
development of maximum acceptable transmit power level from an adjacent band
application. The primary data of interest is the interference power levels that result in 1
dB degradation in SNR as a function of frequency. The band over which this mask is
defined is planned to be the 1500-1700 MHz band. Additional test data such as power
levels that cause a loss of tracking and loss of lock, as well as specification information
that helps with sensitivity analysis as well as extending the narrowband interference
results to more general broadband sources via modeling is also desired.

Discussion (Comments consolidated and paraphrased to the extent possible):

1. There was a question on how a 1-dB SNR Loss affects the navigation accuracy
of GPS.

a. There is no direct connection between the 1-dB SNR loss criterion and
navigation accuracy, because the accuracy depends on the absolute SNR
rather than the drop in SNR. The 1-dB SNR loss is an agreed-upon
criterion which attempts to address loss of tracking as well as loss of
signal acquisition.

2. There was discussion that just because the 1-dB criterion was used in the past,
does not mean that it should be accepted as a standard going forward.

3. It was noted that the 1 dB SNR degradation was the U.S. position at ITU and
coordinated with the NTIA and State Department.

Presentation #5 “Description of GPS Antenna Data Needed”, George Dimos

Presentation Summary: This presentation discusses the required information about
the GPS receiver antenna needed for RFI modeling and for Receiver Interference Mask
modeling. For all receiver antennas (passive and active), there is a need to generate an
antenna mask for one or more GPS application categories; this mask will be used in the
RFI modeling for the corresponding group of GPS applications. In addition, for the
active receiver antennas, there is a need for information about the preamp (i.e., noise
figure, filter characteristics, 1-dB compression point), which is useful for the modeling of
the Receiver Interference Mask modeling.

In order to generate the antenna mask, information is needed on: (i) antenna directivity
patterns which show the relative reception in one direction with respect to zenith, and
(i) the reference gain of the antenna at zenith with respect to an isotropic antenna. In
addition, it is useful to know the polarization loss for receiving vertically polarized
interference in a typically circularly polarized GPS antenna. The presentation described



several examples of GPS antenna patterns obtained from publicly available sources,
corresponding to various antenna technologies and GPS applications.

Regarding the preamp information for active antennas, it is useful in the likely case that
the Interference Mask for a certain receiver is not available and it needs to be
estimated based on other information about the receiver noise and filter characteristics.
In that case, the receiver data must be combined with the antenna preamp data.
Therefore, it is necessary to know which receiver models use a certain active antenna.

Discussion (Comments consolidated and paraphrased to the extent possible):

1. There was discussion that the 1-dB compression point for weak signals, such as
GPS, occur a few dB before the 1-dB compression point for strong signals, such
as the RFI.

a. If the nonlinear system degradation (compression) occurs before the linear
system degradation (noise increase), the 1-dB SNR loss criterion will be
triggered at the weak signal threshold.

2. It was noted that the receiver antenna gain will also depend on the frequency of
the RFI, which is outside the GPS band in which such antennas are specified.

a. The effects of the offset frequency of the RFI on the receiver antenna
pattern complicates significantly the matter.

b. The problem by using the receiver antenna specifications in the GPS
band, since this is the worst-case RFI.

c. To make the analysis more accurate, estimates of the gain loss for offset
frequencies, similar to the requested estimates of polarization loss in a
RHC polarization antenna.

3. The shown transmitter antenna pattern was provided from LightSquared during
the initial RTCA study of June 2011. The later FAA study of January 2012 uses a
more comprehensive transmitter antenna model, which includes both vertical
and horizontal polarization.

a. It would be good to perform first a simplified analysis covering a smaller
number of dominant parameters, by assuming for example vertical
polarization RFI, and then proceed with refinements, to include for
example horizontal polarization RFI.

4. Regardless of the number of RFI sources the worst-case RFI is determined by
the nearest RFI source.
a. This is true in sparse networks. In dense networks though the total RFI is
dominated by the aggregate RFI of the other sources, rather than the
nearest source.



Presentation #6 “Timeline, Proprietary Data, and Next Steps”, Steve Mackey

Presentation Summary: This presentation provides a proposed schedule outlining the
next 6 months, brief proprietary discussion, and the near-term next steps.

The schedule outlines dates for soliciting participation in other Workshops, the
possibility of forming a Working Group, one-on-one meetings with interested
participants, development of use cases and a list of representative GPS receivers, and
the initial data gather results to be presented.

The first priority, over the next few months, is to have industry define “use cases” and
provide a list of representative GPS receiver, which will be down selected for possible
testing.

Those who have indicated an interest to participate will be contacted to have a follow
on “one-on-one” discussion. This meeting will focus on the willingness to participate in
the data gather effort, opportunity to ask additional questions, and understand the data
sensitivity. Lastly, a condensed version of the information needed, will be provided.

It is the intention to hold another workshop in which industry has an opportunity to
discuss and present use cases and list of representative GPS receivers. In addition,
discussion from industry can focus on feedback to the Government’s proposed
implementation plan for GPS Adjacent Band Compatibility.

The near-term next steps reflect the items needed/completed over the next couple of
weeks prior to the one-one-one meetings.

Discussion (Comments consolidated and paraphrased to the extent possible):

1. There was discussion that if GPS receiver manufacturers identify information as
proprietary, it doesn’t gel well with a transparent process. Evaluating the device
performance generically without the ability to compare them openly goes against
the idea of transparency. The use of coded data in previous efforts did not lead
to a good public discussion.

a. ltis the intent for this effort to be open and transparent as possible. From
a government perspective, it is the intent to be as transparent as possible,
but we recognize there are sensitivities on the manufacturing side and the
transparent process has practical limits. Design characteristics such as
architectural information, filtering front end and amplifiers and antenna
characteristics are most likely proprietary information. From a practical
perspective, one can take the position to not use proprietary data and end
up with no data to use or one can decide to take proprietary data and be
able to get results. It's not that the data is not available.

2. There was discussion that performing tests to generate receiver masks between
1500-1700 MHz should cover the uplink and MSS bands.



3. Manufacturers provided very specific data on the receivers that were entered
into the testing. Anonymity encourages maximum participation and ensures that
the data would not be exploited. In terms of the previous efforts although the
devices were coded and not publicly identified, the codes were given to the
DOT, NTIA, LightSquared, as well as other participating agencies as part of the

transparent process.
4. There is a need to keep proprietary information away from competitors.
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