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1. Introduction
LightSquared and the United States Global Positioning System (GPS) Industry Council (“USGIC”) have been working cooperatively to form a Working Group (“WG”) to study the GPS overload/desensitization issue as described by the Commission in DA 11-133. In its Order dated January 26, 2011, the Federal Communications Commission (FCC) required LightSquared to submit reports each month describing the progress of the Technical Working Group (TWG) convened to study the potential GPS overload/desensitization issue when co-existed with Band 24, concluding in a Final Report due no later than June 15, 2011.
On February 25, 2011, LightSquared and the United States Global Positioning System Industry Council (USGIC) submitted a Work Plan to the Commission outlining the intended actions and governance of the WG to study fully the potential for overload interference/desensitization to GPS receivers, systems, and networks.

Subsequent progress reports were filed with the Commission on March, April, and May 15, 2011. The TWG sub-teams TWG continue to meet regularly and have been focused on finalizing test plans, laboratory set-ups, the device selection process and the live-sky testing program. As of today, testing is underway for six device categories and has been completed for the Space-Based Receivers category.
2. TWG Process TimeLine
Figure 1. lays out the planned process and sequence of activities for the TWG up to and including the filing of the final report which is due to the FCC on June 15, 2011.

       [image: image1.emf]
                               Fig. 1: TWG Planned Process Timeline
3. Progress to Date
TWG has established several sub-teams that are comprised of members and advisors with expertise and/or interest of particular relevance to the specific device and receiver categories defined by the TWG. The sub-teams continue to meet regularly and have been focused on finalizing test plans, laboratory setups, the device selection process and the live-sky testing program in Las Vegas. As of today, testing is underway for six device categories and has been completed for the Space-Based Receivers category. The test plans are described in [2], [3]. The list of devices identified for testing is included in Appendix A. Test results will be published in the final report, with the identity of each tested receiver to be randomly coded within each category to maintain anonymity.  
4. TWG Sub-Teams 
The TWG is comprised of GPS industry experts who will bring strong technical and/or use-case expertise to the working group and represent a diversity of receiver categories and installed user groups. List of organizations are designated in Appendix B. TWG provides guidance and recommendations for the WG on critical elements of the interference study. Among the responsibilities of the TWG are to define/recommend: 

· Pertinent analytical and test methodologies and assumptions underlying the test regime; 

· Neutral test facilities, field test sites, independent laboratories, and objective third parties for laboratory and field testing of the work plan; 

· Which receivers, systems, networks are to be tested; 

· Analysis of the test results pursuant to agreed-upon methodologies; 

· Operational scenarios that represent the installed GPS base 

· Test results criteria for interpreting the dataset for operational impact; and 

· Mitigation strategies, if feasible, “to prevent harmful interference to GPS” installed operations. 

The TWG has identified seven categories of receivers that are representative of the non-military use of GPS in the United States each focused on one of these categories: aviation, cellular, general location/navigation, high precision, timing, space-based receivers, and networks. Each category includes augmented and unaugmented devices. Public safety receivers are included in precision timing and in general location/navigation. Receivers used in science are included in high precision. Commercial and global maritime distress and safety receivers are included in general location/navigation. These categories could be consolidated for test efficiency at the discretion of the TWG and the Working Group co-chairs. 

These sub-teams are responsible for determining device selection, and prioritization criteria (such that they represent an appropriate range of manufacturers and uses), defining operational scenarios, listing testing conditions and test plan procedures, and recommending appropriate test facilities. The device prioritization criteria include but not limited to criticality of used case, such as safety-of-life and public safety; the size of embedded user base; operational and economic dependency on positioning, navigation, and timing information; the availability of suitable test devices as well as others that may be developed by the sub-team.
3.1 Aviation Sub-Team

This sub-team works on determining the performance characteristics and operational scenarios for civil aviation applications of GNSS. The focus is on receivers that are relied upon to allow civilian aircraft to navigate in instrument meteorological conditions (IMC). These receivers include those installed on aircraft, and those used on the ground for satellite-based or ground-based augmentation systems (SBAS/GBAS). Currently-available airborne GPS receivers allow civilian aircraft to navigate using GPS for all phases of flight, from en route to precision approach. Over 10,000 GPS-based instrument approach procedures in the United States have been published to date. The Aviation sub-team will rely primarily on testing, funded by the Federal Aviation Administration (FAA) that will be performed at Zeta Associates Incorporated, Fairfax, Virginia. Additional testing is planned by the United States government at: (1) White Sands Missile Range (WSMR), New Mexico, and (2) Holloman Air Force Base (AFB), New Mexico. 

The test plans used in this sub-team are conducted emissions testing (performed in Zeta) using an RTCA Minimum Operational Performance Standard (MOPS)-based test procedure [see 2, Appendix C], Radiated emissions testing within an anechoic chamber (at WSMR), and “Live Sky” radiated-emissions testing performed at Holloman AFB.
3.1.1 Lab Testing
Laboratory testing is scheduled to be completed by late May under a test plan developed by RTCA, with the participation of TWG Aviation Sub-Team members including LightSquared and conducted by Zeta Associates, which was supervised by the FAA and the Aviation sub-team. Zeta is testing a total of ten devices.
· RTCA is in the process of compiling its results and writing up the test report; members of the aviation sub-team are actively involved in this process.

· The laboratory testing results will provide some indication of whether representative airborne GPS receivers exceed the applicable FAA and ICAO standards.

· The Aviation sub-team expects to have receivers now under testing by Zeta Associates available for field testing in Las Vegas (see below) toward the end of the two‐week field test period.

3.2 Cellular Sub-Team

This sub-team works on testing the cellular devices. Most cellular telephones can support both Assisted GPS (AGPS) and autonomous GPS operation. During typical use, the cellular telephone’s GPS receiver will operate in the AGPS mode. AGPS receivers in cellular telephones designed for operation with 3GPP, as defined in core performance specification 3GPP TS 25.171. These devices are tested for conformance to test specification 3GPP TS 34.171. 
AGPS receiver sensitivity is specified in terms of location accuracy relative to the received signal level. For example, current 3GPP TS 34.171 test requirements call for a location accuracy of 100 meters 95% of the time and a Time to First Fix (TTFF) of between 16 and 20 seconds (the TTFF is dependent upon the specific 3GPP air interface technology supported by the cellular telephone). 3GPP TS 34.171 calls for the cellular telephone to comply with the accuracy metrics listed above at a signal level of -147 dBm and will be tested down to -162 dBm. In addition to 3GPP standards, the TWG will utilize accuracy and availability standards prescribed in the FCC’s rules and within OET 71, “Guidelines for Testing and Verifying the Accuracy of Wireless E911 Location Systems”

Like the assisted mode above, the sensitivity of an unassisted GPS receiver can also be specified in terms of location accuracy. However, neither the 3GPP TS 25.171 core performance specification nor the 3GPP TS 34.171 conformance test specification defines a minimum performance value for this mode. Given sufficient measurement time, an unassisted GPS receiver in a cellular telephone should be able to comply with the accuracy metrics associated with the assisted mode. 
The Cellular sub-team uses the following CTIA authorized labs: PC TEST in Columbia MD, InterTek in Lexington KY, and ETS Lindgren in Cedar Park TX for testing. 

The testing will follow industry standards established by 3GPP and CTIA for GPS/AGPS, while applying LightSquared signals in a controlled fashion. Labs are able to test either in a conducted or radiated fashion depending on the construct of the specific device under test. Testing will be performed in two major batteries. The first setup follows industry standards with a simple comparison test of C/N0 and relevant performance parameters with and without the LightSquared signal applied. The second setup will test LightSquared signal interaction with GPS signal levels below what is used in cellular industry standard conformance testing and pass/fail criteria for mobile assisted GPS devices.

3.2.1 Lab Testing
Several Test units (about 50 of those) are undergoing tests using the finalized test plan documents. The devices selected represent both current and legacy devices and have been prioritized based on sales volumes.

While it is expected that there will be some representation of data-only devices and femtocells, the testing will focus largely on handheld devices. A list of those devices in designated in Appendix A. 
PCTEST is currently fully functional and is performing radiated testing of devices selected by the sub-team. Intertek is also fully functional and is performing conducted testing of devices selected by the sub-team. ETS Lindgren is also performing conducted testing. The team is studying and preparing to adopt certain measures to improve the efficiency of the testing process.
3.3 General Location/Navigation Sub-Team

This sub-team works on testing the General Location/Navigation devices. At the request of the National Public Safety Telecommunications Council (NPSTC), the team has added additional members representing public safety users.

The Position Accuracy as well as the Acquisition and Tracking Sensitivity of those depend upon operational scenario. Their Velocity is 0.2 meters per second. The Acquisition Time (measured over 200 test intervals) is 1.0 seconds for hot start, 38.0 seconds for warm start, and 45.0 seconds for cold start. 
All testing will be performed as radiated tests in an RF anechoic chamber. There will be two primary test cases: stationary and dynamic.

The key performance indicators (KPIs) for the stationary case are as follows:

· LightSquared signal levels resulting in 1, 3, 6, 10 and 20 dB of degradation in C/N0;
· LightSquared signal level at the Device Under Test (DUT) resulting in failure to acquire;
· Time to First Fix (TTFF) Cold Start at LightSquared signal levels corresponding to 1, 3, 6, 10 and 20 dB of C/N0 degradation compared to TTFF Cold Start with no LightSquared signal;
· TTFF Warm Start at LightSquared signal levels corresponding to 1, 3, 6, 10 and 20 dB of C/N0 degradation compared to TTFF Warm Start with no LightSquared signal;
· If Wide Area Augmentation System (WAAS) equipped TTFF Cold Start Differential Fix Error with LightSquared signal levels corresponding to 1, 3, 6, 10 and 20 dB of C/N0 degradation compared to TTFF Cold Start Differential Fix Error with no LightSquared signal.

The KPIs for the dynamic case are as follows:

· Position and Velocity errors for a GPS simulated moving DUT in the presence of LightSquared signal levels resulting in 1, 3, 6, 10 and 20 decibels (dB) of degradation in C/N0 as determined in the stationary case with reference to position and velocity without a LightSquared signal;
· Position and Velocity errors for a DUT exposed to GPS signals played back from an urban canyon environment recording in the presence of LightSquared signal levels resulting in 1, 3, 6, 10 and 20 decibels (dB) of degradation in C/N0 as determined in the stationary case with reference to position and velocity without a LightSquared signal;
· Time to First Fix (TTFF) Cold Start for a GPS simulated moving DUT in the presence of LightSquared signal levels corresponding to 1, 3, 6, 10 and 20 dB of C/N0 degradation compared to TTFF Cold Start with no LightSquared signal; and
· TTFF Warm Start for a GPS simulated moving DUT in the presence of LightSquared signal levels corresponding to 1, 3, 6, 10 and 20 dB of C/N0 degradation compared to TTFF Warm Start with no LightSquared signal.

The LightSquared downlink scenarios tested are 
· 1552.7 MHz Center Frequency at 5 MHz Bandwidth (BW) at a power spectral density equivalent to 24.77 dBW/MHz at the base station antenna.

· 1528.8 MHz Center Frequency at 5 MHz BW at a power spectral density equivalent to 24.77 dBW/MHz at the base station antenna.
· 1528.8 MHz Center Frequency at 5 MHz BW and 1552.7 MHz Center Frequency at 5 MHz BW at a power spectral density equivalent to 24.77 dBW/MHz at the base station antenna.

· 1528.8 MHz Center Frequency at 10 MHz BW and 1552.7 MHz Center Frequency at 10 MHz BW at a power spectral density equivalent to 21.77 dBW/MHz at the base station antenna 
The LightSquared uplink scenarios tested will be

· Low Channel Center Frequency at TBD Bandwidth (BW) at a total power of -7 dBW.
· Middle Channel Center Frequency at TBD Bandwidth (BW) at a total power of -7 dBW.
· High Channel Center Frequency at TBD Bandwidth (BW) at a total power of -7 dBW

3.3.1 Lab Testing
The General Location / Navigation Sub-Team have chosen Alcatel/Lucent as their facility for testing. 26 devices are being tested, with the names and models listed in Appendix A. The devices selected were based upon nominations by manufacturers represented on the sub-team.

The sub-team has completed accumulation of live-sky GPS test data for use in dynamic testing scenarios. Alcatel Lucent (ALU) has finalized the testing setup and has begun full-scale testing according to the test plan developed by the sub-team, utilizing two anechoic chambers (located in Murray Hill, NJ and Naperville, IL).The current device testing forecast shows that tests will be complete on June 7. The sub-team expects to have receivers of the same models that will be tested by ALU available for field testing that has started in Las Vegas using test procedures for field tests developed by the sub-team.

3.4 High Precision Sub-Team

This sub-team works on testing the high precision devices. Those devices are characterized as follows:

Acquisition signals: GPS (L1 C/A, L1C, WAASL1), (L2 semi Codeless , L2C), (L5, WAASL5), L Band (OmniStar, StarFire)

Signal acquisition times in seconds are:  

· Cold = no almanac, no PV or T 

· Warm= almanac + (T +/- min) 

· Hot = complete ephemeris + PV+(T+/- us) 

Acquisition sensitivity (dBm) (Signal Power Level) parameters are:

· Cold = no almanac, no PV or T 

· Warm= almanac + (T +/- min) 

· Hot = complete ephemeris + PV+(T+/- us)

The GPS Tracking metrics are:

· Range measurement accuracy (m) 

· Range rate measurement accuracy (m/s) 

· Carrier phase measurement accuracy (cm) 

· Mean time between cycle slips (s) 

· Sky plot of measurement accuracies vs. elevation/azimuth angles 

· Sky plot of reported cycle slips vs. elevation/azimuth angles 

The WAAS Tracking metrics are:

· Range measurement accuracy (m) 

· Range rate measurement accuracy (m/s) 

· Carrier phase measurement accuracy (cm) 

· Mean time between cycle slips (s) 
· Bit Error Rate 

L-Band metric is:
· Bit Error Rate 
Sensitivity (dBm) parameters are:
· GPS Point of mean time between cycle slips < 600(s) (usable for RTK) 

· GPS Point of loss of lock 

· WAAS Point of BER > 1E-6 

· WAAS Point of loss of lock 

· L Band Point of BER > 1E-6 

· L Band Point of loss of lock

3.4.1 Lab Testing
The High Precision, Networks and Timing sub-teams (HPN&T Sub‐Teams) collaborated extensively in developing joint test plans and procedures. Their activities are being reported jointly, except where otherwise noted.
The HPN&T Sub-teams have chosen the US Navy’s NAVAIR facility due to its unique ability to test high precision and timing devices.

All HPN&T tests are radiated within the NAVAIR RF chamber. There are some reference receivers outside the chamber that collect the “clean” GPS data conducted from an RF feed directly from the GPS simulator. The NAVAIR chamber is a large facility measuring 40’x40’x100’. The Network testing are analytical, based on results from testing of the High Precision and Timing receivers and on studies of the effects of degraded receiver operations on networks. The receiver performance attributes tested in the presence of DL and UL LightSquared signals are: 

· Tracking

· Reacquisition

· Acquisition

· Tracking Sensitivity

· Acquisition Sensitivity
As of May 13, the HPN&T Sub-teams have completed testing of all devices in the NAVAIR lab facility.

Some members of the sub-team expect to have some receivers of the same models that have been tested by NAVAIR available for field testing in Las Vegas, and the test procedures are developed. Members of the sub team are now processing and compiling the test results.
3.5 Timing Sub-Team

This sub-team works on testing the Timing devices. The characteristics for use case of those devices are Single point mode, no Augmentation, and Stationary. 
The Tracking attributes of those devices are characterized as follows:

Signal Acquisition time (L1CA): 

· Cold = no almanac, no position or T 

· Warm= almanac + fixed position + (time +/- minutes) 

· Hot = complete ephemeris + fixed position and (time +/- us)

· Sensitivity (dBm) 

Tracking L1: 

· Range measurement accuracy (cm) 

· Mean time between loss of lock (s) 

· Sky plot of measurement accuracies vs. elevation/azimuth angles

· Sensitivity (dBm) 

Initial Setup: 

· Time To First Fix Position + Time (s) 

· Cold: no almanac, time or position 

Installed: 

· Time to “Good Clock” (s) 

· Cold: (Position known and fixed, no almanac or time) 

· Warm: (Position known and fixed, almanac + (time +/- min) ) 

· Hot: (Position known and fixed, ephemeris + (time +/- us) 

· Steady state time accuracy ITU G.810 MTIE, TDEV 

· Steady state frequency accuracy ITU G.810 ADEV, MDEV 

· Phase noise (dBc)
3.6 Network Sub-Team

This sub-team works on testing the Network GPS devices. This sub-team collaborates closely with High Precision and Timing sub-teams.

3.7 Space-Based Receivers Sub-Team

This sub-team works on testing the Space-Based Receivers devices. Application scenarios are: 

· The BlackJack family of receivers are each ground tested using rooftop antennas at the Jet Propulsion Laboratory for performance and burn-in for approximately 2000 hours before launch. 

· A “worst case” scenario after launch has the occultation antenna, with up to 18 dBi antenna gain, directed toward the earth limb at the Eastern 1/3 of the continental USA. Six satellites are planned for an orbit at 520 km altitude, 24 degrees inclination, with six more at 800 km and 72 degrees 

Lab testing has been conducted at the NASA Jet Propulsion Laboratory (JPL) in California. The space‐based receivers identified in the TWG are used by NASA for space‐based missions and high precision science applications. 

3.7.1 Lab Testing
The testing performed at JPL was conducted testing only. NASA has informed the TWG that radiated testing of NASA space-based receivers will be accomplished separately from the TWG work as part of the National Space-based PNT Systems Engineering Forum (NPEF) test and analysis effort.

NASA performed interference measurements of the effects of a simulation of the LightSquared two 5MHz deployments on four high precision receivers. All these receivers track at least the GPS CA code, and use semi-codeless tracking of P(Y)1 and P(Y)2. Two of these receivers are NASA science receivers which are used on board satellites, and two are typical of those used in NASA’s high accuracy ground network, which is part of the International GNSS Service (IGS). 
The devices tested are listed in Appendix A and are current or representative of GPS receivers currently in use by NASA or planned for use in the near future for space and science applications. 
The Space-Based Receiver sub-team has completed its laboratory testing activities and is now in the process of reviewing the initial draft analysis of the impacts of the LightSquared system on space-based and high precision science receivers using the scenarios developed earlier in the TWG. In the coming weeks, the Space-Based Receiver Sub-team will be evaluating potential mitigation measures. 

4   Work Plans

TWG has defined the following eleven work plans:

4.1 Work Plan 1

The objective for work plan item 1 is “To establish pertinent analytical and test methodologies and assumptions underlying the test regime” 

Analytical Approach and Underlying Assumptions Prior to generating detailed test plans and procedures, it is necessary to determine the parameters to be used in the tests using GPS simulators and the simulation of the terrestrial broadband transmitters. 

The following steps have been taking to meet the objectives of work plan item 1

1- Definition of Harmful interference at the GPS/GNSS/Augmentations/L-band Receiver: 
The key factors that pertain to the functioning of GPS receivers and/or whether service is degraded, obstructed or interrupted are accuracy (position, velocity, time), availability (ability to perform a given function), coverage (within what space can a function be performed), integrity (what is the probability that the results are correct), and continuity (what is the probability that a given function can be completed). Metrics for harmful interference are developed from an understanding of the consequential relationship between negative impacts and receiver parameters, which include effective C/N0, PVT accuracy, time to first fix, loss of lock, cycle slips, etc.

2- Overload interference/desensitization at the GPS/GNSS/Augmentations/L-band Receiver 
Desensitization/overload due to strong signals outside of the GPS band may cause the GPS receiver to operate in a non-linear mode with reduced gain (i.e., gain compression) for the desired GPS signal; there may also be other receiver impairments caused by strong signals outside the GPS band.
3- Relevant Information Regarding Terrestrial Broadband Network, provided by LightSquared 
4- Interference Analysis Assumptions, such as number of GPS space vehicles available, the received signal strength of the GPS signal, whether devices would have an obstructed or clear view of the sky, the terrestrial broadband signal strength, distance of the receiver from the terrestrial broadband transmitter, and whether statistical characterization of the likelihood of interference (at different severity levels) is useful for some use cases. It was generally agreed that these assumptions will vary with specific device categories and use cases. There is also general agreement that the range of assumptions should include “worst case” conditions specific to each receiver category.  
5- Evaluation of Potential Test Methodologies, both lab and field tests that are objective, transparent, and reproducible. Lab tests are either conductive or through radiated testing in anechoic or other radiated emission chambers
4.2 Work Plan 2

The objective for work plan item 2 is “Select categories of receivers and receivers to be tested” 

See Section 3.

4.3 Work Plan 3

The objective for work plan item 3 is “Develop operational scenarios” 

During this work plan, TWG identified and defined operational scenarios in urban and other areas to facilitate a better understanding of the potential impact of LightSquared’s Ancillary Terrestrial Component (ATC) base stations and mobile handsets on GPS receiver desensitization characteristic. It identified conditions under which the receivers would be used, including both their physical situations, receiver dynamics, and types and strengths of the signals received at the antenna front end. Scenarios were identified and developed by the TWG with input from the Advisors. 

For each sub-team several operational Scenarios are defined as follows:
1- Aviation

· Enroute/Terminal Area by measuring enroute acquisition, enroute tracking/data demodulation, and terminal area tracking/data demodulation 
· Non-precision Approach Tracking/Data Demodulation 

· Category I Precision Approach Tracking/Data Demodulation 

· Category II/III Precision Approach Tracking/Data Demodulation 

· Surface Acquisition and Tracking/Data Demodulation 

· Future Considerations 

2- Cellular 

· Cellular Telephone AGPS with three use cases: E911 Location, Location-Based Services, and Real Time Navigation
· Cellular Telephone Non-AGPS with E911 roaming use case.

3- General Location/Navigation

· PND uses case: Suburban

· PND use case: Urban Canyon

· Outdoor use case: Golfing 

· Outdoor Use Case: Deep Forest 

· Fitness Use Case: Arm Swing Environment 

4-  High Precision

· Single point mode (no Augmentation) with following parameters

· Time To First Fix (s) 

· Position accuracy (m) 

· Velocity accuracy (m/s) 

· Time accuracy (ns) 

· PVT availability (% of time, or coverage area) 

· WAAS Augmentation Stationary with parameter

· (Same TTFF, PVT as above) PND uses case: Suburban

· DGPS+RTK (code and carrier) 

· Time To First Fix (s) 

· Position accuracy (m) 

· Velocity accuracy (m/s) 

· Time accuracy (ns) 

· PVT availability (% of time, or coverage area) 

5- Timing

· Autonomous operation in a single point mode (no augmentation), stationary 

· WAAS augmented operation, stationary 

6- Networks: 
The operational scenarios of networks vary greatly by network type. 
7- Space Time Receivers

· The BlackJack family of receivers are each ground tested using rooftop antennas at the Jet Propulsion Laboratory for performance and burn-in for approximately 2000 hours before launch. 

· A “worst case” scenario after launch has the occultation antenna, with up to 18 dBi antenna gain, directed toward the earth limb at the Eastern 1/3 of the continental USA. Six satellites are planned for an orbit at 520 km altitude, 24 degrees inclination, with six more at 800 km and 72 degrees. 

4.4 Work Plan 4

The objective for work plan item 4 is “Establish methodology for analyzing test results” 

The TWG has discussed analytical methodologies that might be appropriate for interpreting the test results. For example, as devices are tested and the power levels at which terrestrial broadband signals impact them are determined, it will be necessary to understand the distances from a LightSquared site at which those power levels might occur. The actual distance is a function of not only LightSquared’s operating parameters (power levels, antenna orientation, etc.), but also of the terrestrial broadband signal attenuation. The TWG is evaluating models to determine which ones are appropriate for specific use cases and environments.
4.5 Work Plan 5

The objective for work plan item 5 is “Derive test conditions based on the established operational scenarios” 

The sub-teams assigned to each category were tasked with deriving test conditions based on the identified operational scenarios. 
4.6 Work Plan 6

The objective for work plan item 6 is “Write test plan and procedures” 

Each sub-team reviewed existing, industry standard test plans that are prevalent for device certification, for categories where such plans exist. Where such test plans exist, , they are considered for the TWG testing program and will be supplemented with additional elements to facilitate an understanding of the impact of operation of the terrestrial broadband network.
4.7 Work Plan 7

The objective for work plan item 7 is “Identify and engage appropriate facilities” 

Several potential testing locations in university and industry settings have been identified by members of the TWG. TWG members have begun reaching out to test facilities to determine their available capacity and capabilities to conduct the testing that the TWG is undertaking.
4.8 Work Plan 8

The objective for work plan item 8 is “Perform Testing” 

The test execution for sub-team Space Time Receivers have been completed, and for the rest of sub-teams, the tests are going on.

4.9 Work Plan 9

The objective for work plan item 9 is “Analyze test results based on established methodology” 
Using the methodology established earlier in the work plan, analyze the results to determine the proposed terrestrial signal transmissions effect on GPS operations.
4.10 Work Plan 10

The objective for work plan item 10 is “Assess operational scenarios using analytics and test results”
The TWG will analyze the test results in the context of the operational scenarios in order to assess the practical impact of receiver desensitization / overload conditions on the installed user base. This will allow for the identification of areas of concern. This task will begin after test results have been evaluated and scenarios identified and defined.
4.11 Work Plan 11

The objective for work plan item 11 is “Assess whether any mitigation measures are feasible and appropriate”
The TWG will identify mitigation options, if feasible, including LightSquared design considerations, types of components, transmit power, and/or operational frequency modifications that, along with the OOBE restrictions previously agreed to between LightSquared and the USGIC, will prevent receiver desensitization/overload from occurring in installed GPS operations. Any mitigation recommendations mutually acceptable to the Co-Chairs will be provided to the Commission in LightSquared’s final report which is due on June 15, 2011.
LightSquared has arranged for a filter manufacturer presentation in two sub-teams. The subject of the feasibility of potential future filters relates to mitigation (see item 11). The feasibility and appropriateness for a user of the various mitigation proposals described in item 11 will be considered under the operational scenario for that user (examined in item 10). Mitigation will be evaluated for the feasibility to sustain current and planned user scenario performance. A variety of spectrum deployment scenarios by LightSquared are also being evaluated.
5 Field Testing

As discussed in item 7 Work Plan, the WG is performing testing of some devices and receivers in a field environment. LightSquared [as of May 16] has set up and has begun operation of four field test locations in the area in and around Las Vegas, NV. This testing is being conducted pursuant to a Special Temporary Authority issued by the Commission on May 12, 2011. The FAA has issued appropriate Notices to Airmen in the areas surrounding the test locations to alert the aviation community about any possible interruption in GPS signals within aircraft avionics. Testing has occurred during the period from May 16th to 27th, from midnight to 6AM (local time) daily. LightSquared is using base stations identical to the ones which it will use for its network deployment; however due to unique circumstances of the test setup, in single frequency mode, the test sites operate at power levels of approximately 59 dBm EIRP per channel as opposed to the 62 dBm EIRP per channel currently planned for LightSquared’s initial commercial deployment. For two carrier tests, the MIMO gain is not be present, reducing the EIRP a further 3 dB per channel to approximately 56 dBm EIRP. It is broadcasting 5 MHz LTE carriers centered on 1528.8 MHz and 1552.7 MHz (separately and together) in 15 minute on/off cycles (longer cycles may be utilized to accommodate specific users’ test requirements). A copy of the test setup is described in [3, Appendix G]. LightSquared has coordinated these tests with CMRS and public safety operators in proximity to its test sites.
TWG members and advisors from several of the sub-teams are testing their own devices as part of the field test process, with the expectation that test results will be made available to the TWG (consistent with its device anonymity process); device-anonymous results will also be included in the TWG’s final report on June 15.
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APPENDIX A
LIST OF DEVICES AND RECEIVERS PLANNED FOR TESTING (SUBJECT TO CHANGE)
Aviation

· Canadian Marconi GLSSU 5024

· Garmin 300XL

· Garmin GNS 430W

· Garmin GNS 480

· Rockwell Collins GLU-920 multimode receiver

· Rockwell Collins GLU-925 multimode receiver

· Rockwell Collins GNLU-930 multimode receiver

· Symmetricomm timing card (used for an FAA automation system)

· WAAS NovAtel G-II ground reference station

· Zyfer timing receiver (used for the WAAS ground network)

Cellular

· Apple iPhone 4 (GSM)

· Apple iPhone 4 (CDMA)

· HTC A6366

· HTC ADR6200

· HTC ADR63002

· HTC ADR63003

· HTC ADR6400L

· HTC Desire 6275

· HTC Touch Pro 2

· LG Lotus Elite

· LG Rumor Touch

· LG VN250

· LG VS740

· LG VX5500

· LG VX5600

· LG VX8300

· LG VX8360

· LG VX8575

· LG VX9100

· LG VX9200

· Motorola A855

· Motorola DROID X

· Motorola VA76R

· Motorola W755

· Nokia 6650

· Nokia 6350
· RIM 8330C

· RIM 8530

· RIM 9630

· RIM 9650

· RIM 9800

· Samsung Moment

· Samsung SCH-U310

· Samsung SCH-U350

· Samsung SCH-U450

· Samsung SCH-U640

· Samsung SCH-U750

· Samsung SGHi617

· Samsung SGHi917

· Samsung Stride R330

· Samsung Messenger Touch

· Samsung Mesmerize i500

· Samsung Acclaim R880

· Sierra Wireless 250 U USG 3G/4G

· Sony Ericsson W760a
General Location/Navigation

· Garmin Forerunner 110 (Fitness)

· Garmin Forerunner 305 (Fitness)

· Garmin ETREX‐H (Outdoor)

· Garmin Dakota 20 (Outdoor)

· Garmin Oregon 550 (Outdoor)

· Garmin GTU 10 (Tracking)

· BI Inc. ExacuTrack One (Tracking)

· Garmin GPS 17X (NMEA) (Marine)

· Garmin GPSMAP 441 (Marine)

· GM OnStar Model TBD (Automotive (in dash))

· Garmin GVN 54 (Automotive (in dash))

· TomTom XL335 (PND)

· TomTom ONE 3RD Edition (PND)

· TomTom GO 2505 (PND)

· Garmin nűvi 2X5W (PND)

· Garmin nűvi 13XX (PND)

· Garmin nűvi 3XX (PND)

· Garmin nűvi 37XX (PND)

· Garmin GPSMAP 496 (Portable Aviation (non-TSO))

· Garmin aera® 5xx (Portable Aviation (non-TSO))

· Honeywell Bendix/King AV8OR (Portable Aviation (non-TSO))

· Trimble iLM2730 (with Mobile Mark Option J antenna) (Fleet Management)
· Trimble TVG‐850 (with Mobile Mark Option E glass‐mount antenna) (Fleet Management)
· Trimble Placer Gold (Emergency Vehicles (post-OEM mounted in vehicle))

· Furuno GP 33

· E‐Ride Opus 5SD

· Motorola APX7000

· Motorola APX6000

· Motorola MW810
High Precision and Networks

· Hemisphere R320 (with A52 antenna)

· Hemisphere A320 (with Integral antenna)

· Deere iTC (with Integral antenna)

· Deere SF‐3000 (with Integral antenna)

· Deere SF‐3050 (with Aero antenna)

· Trimble MS990

· Trimble MS992

· Trimble AgGPS 252

· Trimble AgGPS 262

· Trimble AgGPS 442

· Trimble AgGPS EZguide 500

· Trimble CFX 750

· Trimble FMX

· Trimble GeoExplorer 3000 series GeoXH

· Trimble GeoExplorer 3000 series GeoXT

· Trimble GeoExplorer 6000 series GeoXH

· Trimble GeoExplorer 6000 series GeoXT

· Trimble Juno SB

· Trimble NetR9 (with Zephyr 1 antenna)

· Trimble NetR9 (with Zephyr 2 antenna)

· Trimble R8 GNSS (with Integral antenna)

· Trimble 5800 (with Integral antenna)

· Trimble NetR5 (with Zephyr 1 antenna)

· Trimble NetR5 (with Zephyr 2 antenna)

· Leica SR530 (with AT502 antenna)

· Leica GX1200 Classic (with AX1202 antenna)

· Leica GX1230GG (with AX1202GG antenna)

· Leica GR10 (with AR10 antenna)

· Leica Uno (with GS05 antenna)

· Leica GS15 (with Intergral antenna)

· Topcon HiPer Ga

· Topcon HiPer II

· Topcon GR-3 (with Integral (5/8) antenna)

· Topcon GR‐5 (with Integral (5/8) antenna)
· Topcon MC‐R3 (with MC‐A3/cabled (5/8) antenna)

· Topcon NET-G3A (with CR-G3/cabled (5/8) antenna)

· Topcon TruPath/AGI-3 (with Integral (special mount) antenna)

· NovAtel PROPAK-G2-Plus (with GPS-702/GPS-701 antenna)

· NovAtel FLEXG2-STAR (with GPS-701GGL/GPS-701 antenna)

· NovAtel FLEXPAK-G2-V1 (with GPS-701GGL/GPS-702 antenna)

· NovAtel FLEXPAK-G2-V2 (with GPS-702GGL/GPS-702 antenna)

· NovAtel PROPAK-V3 (with GPS-702GGL/GPS-702 antenna)

· NovAtel DL-V3

· NovAtel FLEXPAK6 (with GPS-702GGL/GPS-702 antenna)

· Septentri PolaRx3e (with PolaNt GG antenna)

· Septentrio AsteRx3 (with PolaNt G antenna)
Space‐Based Receivers (Testing Complete)

· TriG (NASA Next‐generation Space Receiver)

· IGOR (Space Receiver)

NASA/JPL also tested the following high precision receivers; the results of these tests have been shared with the HPT&N sub-team for its consideration:

· JAVAD Delta G3T (High Precision-IGS)

· Ashtech Z12 (High Precision-IGS)
Timing

· FEI-Zyfer UNISync GPS/PRS (with Yokowo, part number YOP-5145-YN01 antenna)

· TruePosition GPS timing receiver (with 34043A antenna)

· Symmetricom SSU 2000 (Motorola M12M) (with 32012937-012-0 (GPS L1 26 dB) antenna)

· Symmetricom Time Provider 1000/1100 (Furuno GT-8031) (with 090-58545-01 antenna)

· Symmetricom TimeSource 3500 (XR5 (Navstar/Symmetricom), Wall Mount config. (with 012-
· 00013-01 (Wall Antenna) antenna)

· Trimble Resolution T

· Trimble Accutime Gold

· Trimble Resolution SMT

· Trimble MiniThunderbolt

· NovAtel OEMStar (with Antcom 2G0 antenna)

· NovAtel OEM4 (with GPS600 antenna)

· NovAtel OEMV3 (with GPS702GG antenna
APPENDIX B
List of Organizations/Companies as TWG members and/or Advisors.

Aviation

· LightSquared
· USGIC 

· FAA (Lead)
· Trimble
· Thales
· Garmin
· MITRE (Lead)

· Rockwell Collins

· Boeing

· Zeta

· Lockheed Martin

· Airline Pilot Association
Cellular

· LightSquared (Lead)
· USGIC 

· Sprint Nextel
· Spirent
· T-Mobile
· Qualcomm
· Motorola Mobility
· Judge Software

· Samsung

· Alcatel Lucent

· AT&T

· New Mexico E-911

· USCellular

· Verizon Wireless

· Lockheed Martin

· GlobalStar
General Location/Navigation

· LightSquared
· USGIC 

· T-Mobile
· OnStar

· BI

· Garmin (Lead)
· Trimble

· Hemisphere GPS

· Judge Software

· Furuno USA

· Aeorspace

· USAF

· U-Blox

· CSR

· GlobalStar

· TomTom

· eRide

· JVC-Kenwood Holding

· WCCA

· Summit County, CO

· State of Virginia
High Precision and Networks

· LightSquared
· USGIC 

· NCO/PNT

· TopCon Position Sys

· Septentrio

· Novatel

· Navcom (Lead)

· Trimble

· Hemisphere GPS

· Leica GeoSystems

· University of Maine

· Inmarsat

· GlobalStar

· NASA
Networks

· LightSquared
· USGIC 

· American Electric Power

· Novatel

· Navcom

· Trimble (Lead)
· American Electric Power

· Florida CORS Network

· Septentrio

· GlobalStar
Space‐Based Receivers (Testing Complete)

· LightSquared
· USGIC 

· Trimble

· Rockwell Collins

· Aeorspace

· USAF

· NASA (member and Liaison)
Timing

· LightSquared
· USGIC 

· Sprint Nextel

· Trimble

· American Electric Power

· Novatel (Lead)

· FEI-Zyfer 
· True Position

· Furuno USA

· Ericsson

· AT&T

· Alcatel-Lucent

· Symmetricom

· NIST

· Lockheed Martin

· Los Angeles County

· City and County of Denver

· JS Engineering

· State of Virginia

· Arlington County, VA
