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Table 5-12. List of Possibly Anomalous Data 

1* #3 229151 229175 24 -15.8 104104.5 82692 

1* #3 229411 231305 1894 2.2 13105.9 92782 

1* #4 229153 229175 22 -15.8 104104 82693 

1* #4 229413 229523 110 2.2 13105.9 5845 

25* #19 421861 423495 1634 4.2 11806 26431 

Table 5-13 contains the worst case perfonnance when the data from Table 5-12 are excluded for 
aviation and non-aviation receivers. This represents the greatest effective distance at which these 
receivers lost the ability to navigate. 

Table 5-13. Worst Case Perfonnance 

Type Receiver Description Effective Range 

Aviation #22 & #3 Single Channel Ramp - TE 2 1041 m 

Aviation #1 Dual Channel Ramp - TE 17 1826 m 

Non-Aviation #21 Single Channel Ramp - TE 1 5147 m 

Non-Aviation #21 Dual Channel Ramp - TE 18 7449m 

It is expected that further analysis will be conducted to examine the more detailed behavior of 
receivers in the LSQ signal environment. 

Live Sky Testing 

(The GPS LightSquared Live Sky Test Plan Draft -- 7 April 2011, is an FOUO document and not 
releasable) 

FAA 

Summary 

FAA participated in Live Sky Tests at Holloman AFB on 14-17 April 2011. There were two 
components to FAA tests; 1) flight tests with various aviation receivers, and, 2) ground tests with 
W AAS reference and CMC aviation receivers. This report focuses on quick look observations 
from ground test receiver analysis. Summary observations: 

• Receiver #5 tracked through all LSQ test signals generated with no loss of signal tracking 
for satellites above 5 degrees elevation. While signal tracking was not impacted, there 
were anomalies observed with LSQ signal generation that resulted in questions on the 
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validity of this testing. For example, LSQ 5 MHz High (designated 5H) signal generation 
was the only signal that resulted in significant ClNo degradation (approximately 9 dB) 
but this degradation was not observed consistently since other 5H test periods resulted in 
negligible degradation. The only other LSQ test configuration that resulted in ClNo 
degradation was the 5 MHz Low/5 MHz High test (5L15H). The ClNo degradation was 1 
dB for this LSQ test configuration. 

• Receiver #1 tracked through most LSQ test signals generated but lost lock on a 
significant number of satellites with the 5L15H Phase 1 configuration. ClNo data have yet 
to be processed for this receiver so observations quantifying potential degradations 
cannot be provided. It is also important to note that results from the 10 MHz Lowll 0 
MHz High Phase 2 dual channel configuration for this receiver are not considered 
representative. The antenna used during this period of testing is not suitable for use in 
aviation applications. 

The physical distance from FAA antennas to the LSQ transmit tower for these tests was 
approximately 451 meters but the effective distance was much greater. This effective distance 
takes into a 3 dB reduction based on Balloon pad calibration data and the maximum EIRP 
reported for LSQ signals of 57.4 dBm which is almost 6 dB less than the stated level by LSQ. 
Balloon pad calibration indicated significant variation across the pad which along with 
fundamental LSQ signal generation mentioned above is of concern for validity of these tests. The 
effective distance for FAA equipment considering this lower radiated power and pad calibration 
correction was therefore approximately 1.2 km. 

Discussion 

FAA testing conducted on the Balloon Pad at Holloman AFB included Receiver #5 and Receiver 
#1. (Other receivers were tested but those units are not pertinent to the FAA aviation focus). 
Receiver #5 was connected to a WAAS-125 antenna for both days while Receiver #1 was 
connected to a aviation antenna for 15 April and a survey antenna for 16 April. The survey 
antenna filtering and gain are not appropriate for use with an aviation receiver and therefore 
Receiver #1 results from the 16 th are not considered valid or representative. In addition to these 
GPS receivers, instrumentation for time domain sampling (a Zeta 'Snapshot System') of the RF 
environment was included in the test configuration and connected to the W AAS-125 antenna. 

The LSQ transmit tower was located approximately 451 meters from the FAA data collection 
location on the Balloon pad. Free space loss for this distance for a signal at 1552.7 MHz is 89.3 
dB. However, calibration of the signal strength at the balloon pad conducted at the start of 
testing on 15 April indicated signal loss at the FAA data location was approximately 3dB greater 
than free space loss would predict. This equates to an effective distance for LSQ testing of 
approximately 631 meters. In addition, the LSQ EIRP reported for these tests was approximately 
5.7 dB lower than stated by LSQ. Taking this lower power into consideration indicates that the 
effective distance was approximately 1.2 km or greater. LSQ signals generated during these tests 
were 5 MHz High, 5 MHz Low, 5 MHz High and Low simultaneously, 10 MHz High, 10 MHz 
Low, and 10 MHz High and Low simultaneously. 5 MHz was centered at 1552.7, 5 MHz low at 
1528.8 MHz, 10 MHz High at 1550.2, and 10 MHz low at 1531.0 MHz. 

5-32 
DISTRIBUTION STATEMENT A: Approved for public release; distribution unlimited 



DISTRIBUTION STATEMENT A: Approved for public release; distribution unlimited 

The signal level present at the W AAS antenna LNA input was an important consideration given 
the LNAs high gain of approximately 48 dB and 1 dB compression point of 10 dBm. Table 5-14 
uses estimates for the reported 5H signal LSQ EIRP for this configuration, effective signal loss 
and W AAS antenna performance to provide a signal level at the LNA input of approximately -45 
dBm. An estimate was also generated using spectral data collected during two 5H tests. These 
results are provided in Table 5-15 and suggest a range of values from -42 to -48 dBm. This 
range is related to variation observed with the 5H signal during testing and is discussed in greater 
detail in a later section of this report. 

Table 5-14. LSQ Power at WAAS Antenna LNA Input from Reported LSQ EIRP 

Description of Link Budget Parameters Estimates 

GPSD Reported EIRP ofLSQ Signal (5H 20W) +57.3 dBm 

Free Space Loss for Distance between W AAS Antenna and Tower -89.3 dB 
(-451m) 

Adjustment based on Pad Calibration (26.3 - (-66» - Free Space Loss 3.0 dB 

Effective Loss--Free Space Loss plus Adjustment (effective distance -92.3 dB 
-631m) 

LSQ Signal Power at FAA Van -35.0 dBm 

W AAS Antenna Pattern Gain at -5 Degrees -7 dBic or -10 dBil -10 dB 

LSQ Power at Input to W AAS Antenna LNA -45.0 dBm 

Table 5-15. LSQ Power at WAAS Antenna LNA Input from Snapshot Measurements 

Description of Link Budget Parameters Estimates 

Snapshot Power Level (5H Distortedl5H Not Distorted) + 12 dBmI+6 dBm 

Attenuation Set in SnapApp (no Gain) 

Gain of Snapshot External Amplifier 

Loss from Cables/Splitter from W AAS Antenna Output 

W AAS antenna amplifier Gain 

LSQ Power at Input to W AAS Antenna LNA 
Tower Location: 32.8658N, -106.1265E, 1245m (altitude assumed 30m hIgher than WAAS antenna) 
WAAS Antenna Location: 32.86935N, -106.1288.2E, 1215m 
Distance between tower and WAAS antenna = 450.7m 

-17 dB 

+33 dB 

-10 dB 

+48 dB 

-42 dBmI-48 dBm 

Analysis of Receiver #5 data focused primarily on Ll CIA signal tracking and C/No 
observations. For Receiver #1, only L1 CIA signal tracking was available for this quick look 
analysis. Figure 5-29 shows a representation of Receiver #5 Ll C/No computed for all GPS 
satellites tracked. This C/No data is computed by correcting each satellite for nominal antenna 
gain and satellite power and then averaging all these corrected values for each time step. (If the 
receiver were operating as expected with no RFI present, this metric would indicate zero dB). 
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Figure 5-29 shows this ClNo metric for the entire April 15 th test period and highlights each 
specific test conducted. The large ClNo degradation is associated with the 5H Ramp test and 
there is a question concerning the validity of this signal since the 5H test configuration did show 
consistent performance throughout the testing (more detail in a later section). The only other 
period where noticeable ClNo degradation was observed occurred with the 5L15H Ramp and Full 
Power (20W) tests conducted at the end of this test period. The ClNo degradation was 
approximately 1 dB for this LSQ configuration. Figure 5-30 shows the number of GPS L1 
signals tracked by both Receivers #1 and #5. Receiver #5 only shows GPS Ll signals while 
Receiver #1 shows GPS plus SBAS. For comparison purposes, the number ofLI signals tracked 
for Receiver #5 was increased by two to represent SBAS tracking. This Figure shows that 
Receiver #5 tracking was not impacted by any of the LSQ signals and Receiver #1 tracking was 
impacted only when 5L15H was generated. The Receiver #1 tracking degradation for this LSQ 
configuration is rather dramatic with only four L 1 signals being tracked. 

Figure 5-31 and Figure 5-32 show the same observations for 16 April testing. As noted 
previously, Receiver #1 used a non-aviation antenna for this test period so its results are not 
shown. With the brief exception of a 5H test transmission that was aborted, Receiver #5 ClNo 
degradation for this entire test period is considered negligible. The 5L15R LSQ configuration 
impact appeared to be only 0.5 dB for this test sequence. Lastly, L1 signal tracking was not 
impacted for Receiver #5 throughout the 16 April test period. 

Finally, Table 5-16 provides a summary of Receiver #5 and Receiver #1 observations from 15 
and 16 April 2011 LSQ testing. 

Table 5-16. Tracking and ClNo Observations for Various LSQ Signals Tested 

Signal Tested Receiver #1 Receiver #5 

5H Lost tracking on one SV Negligible to 9 dB ClNo 
Degradation; 

LSQ Signal Validity Questioned 

5L No Impact No Impact 

5L15H Loss of Tracking on all but Four 1 dB ClNo Degradation 
Satellites 

lOH No Impact No Impact 

10L No Impact No Impact 

10L/lOR Receiver #1 Observations Not No Impact 
Considered Valid 
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Figure 5-29. Receiver #5 Ll ClNo Corrected for Nominal Antenna Gain and GPS Signal 
Strength for 15 April 2011. Large ClNo Degradation Associated with 5H Signal Generation 

Anomaly. 
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Figure 5-30. Number of Receiver #1 and Receiver #5 Ll Signals Tracked during 15 April 201 J 
LSQ Testing 
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Figure 5-31. Receiver #5 LI C/No Corrected for Nominal Antenna Gain and GPS Signal 
Strength for 16 April 2011. Large C/No Degradation Associated with 5H Signal Generation 

Anomaly. 
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Figure 5-32. Number of Receiver #5 Ll Signals Tracked for 16 April 2011 LSQ Testing 
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LSQ Signal Generation Anomaly 

Quick look analysis was performed using FAA data collected from the balloon pad for 15 April 
and 16 April tests. GPS receiver data utilized for this quick analysis was obtained from Receivers 
#5, 23, 25 and 19. Receiver #5 was connected to a W AAS-125 antenna (2225NW) for both test 
days while Receivers #23, 25, and 19 were connected to a aviation antenna on Day 1 and a 
survey antenna on Day 2. In addition to GPS receiver observations, the RF environment was 
sampled during critical test points with instrumentation capable of time domain sampling. This 
instrumentation was connected to a W AAS-125 antenna for both test days. 

Figure 5-33 shows L1 AGC response from Receiver #5 for 15 April testing with various LSQ 
test configurations highlighted in different colors. Figure 5-34 shows the number of satellites 
tracked for Receivers #23, 25 and 19 for the same time period as Figure 5-33 (Receiver #5 did 
not experience any loss of tracking so its data is not shown). LSQ test configurations are 
highlighted at the bottom of Figure 5-34. Figure 5-35 and Figure 5-36 show the same 
information for 16 April testing. Figure 5-37 and Figure 5-38 show spectral plots comparing 
specific LSQ test configurations. 

One significant concern from these initial observations is the validity of the LSQ signals 
generated during these tests. This concern was highlighted during 16 April testing when the 151 

attempt at 5H step testing (Test #9) was halted because it was reported the waveform was 
distorted. This "distorted" signal resulted in the Receiver #5 AGC algorithm becoming fixed 
(AGC jump to ~6000 count level-possibly saturated) which is indicative of significant power 
present at the receiver's input. The LSQ signal generator was reportedly reset after this distortion 
was observed and the power indicated by the Receiver #5 AGC response in subsequent conduct 
of Test #9 was relatively benign (this performance can be seen in Figure 5-31). Receiver #5 
AGC response indicating the presence oflower power was further confirmed with spectral plots 
shown in Figure 5-37 and Figure 5-38. Figure 5-37 compares spectrums ofLSQ 5H from Test 
#9 (20W Step) of the "distorted" waveform and after LSQ equipment was reset (again, 20W 
Step). The signal power after reset is much lower, consistent with Receiver #5 AGC 
observations. Figure 5-38 provides a further comparison showing the LSQ 5H signal from Test 
#9 (20W Step) with the LSQ 5H signal from Test #13 (20W Step). Test #13 used simultaneous 
5L15H signals and the power observed for the High signal is again greater than observed with 
Test #9 after LSQ equipment was reset. This is also confirmed in Figure 5-35 with Receiver #5 
AGC response and generally consistent with satellites tracked from Receivers #23, 25 and 19. 

These observations and observations from 15 April call into question the validity of the 5 MHz 
High LSQ signal generated during these tests. The validity of this signal is particularly important 
to FAA since it appears the LSQ signal generated during the FAA TC flyovers on 15 April may 
not have been conducted with a representative signal. 
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Figure 5-33. AGe Response for Receiver #5 from Day 1 Testing 
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Figure 5-34. Number of Satellites Tracked for Receivers #23, 25 and 19 from Day 1 Testing 
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Figure 5-36. Number of Satellites Tracked for Receivers #23, 25 and 19 from Day 2 Testing 
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Figure 5-37. Comparison of5 High Step Test from Day 2 (Test #9) of "Distorted" Waveform 
(Green) and Waveform Generated after Reset ofLSQ Equipment (Magenta). Distorted 
Waveform is approximately 6 dB Higher in Power when both were reported at 20W. 
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Figure 5-38. Comparison of 5 MHz Step Test from Day 2 (Test 9) after Reset ofLSQ 
Equipment (Magenta) with Simultaneous 5MHz HighILow (Green) Waveform (Test 13) 

(HighILow Waveform is approximately 4 dB Higher in Power when both were Reported at 20W) 

5-40 
DISTRIBUTION STATEMENT A: Approved for public release; distribution unlimited 



DISTRIBUTION STATEMENT A: Approved for public release; distribution unlimited 

References 

Capt. Diefel (GPSD) and Tom Powell (Aerospace) Emails on 25 April 2011 providing LSQ Test 
Sequence, LSQ power levels, and Balloon Pad Calibration data. 

DOl 

The Bureau of Land Management (BLM) arranged to have a number mapping and survey level 
receivers collect data during the LightSquared open sky testing at Holloman AFB. These 
receivers are a representative cross section of mapping and survey receivers that are currently in 
use within the BLM, other DOl agencies, and the U.S. Forest Service. 

All of the mapping receivers that tested encountered problems with the exception of Receiver 
#26. Initial checking of the files showed that the collected data on the mapping receivers was 
only 70 to 75% of the possible yield. Receivers #27 and #28 had the worst point yields on both 
days of testing. When the data was further checked and compared to the test broadcast times two 
behaviors were noted. In the first case five or more satellites were tracked but the signal to noise 
(SNR) strengths of the satellites were below the usable software thresholds and positions were 
not computed. The second behavior was that the receivers lost lock on all satellites for a portion 
or the whole test. When the test signal was turned off the receivers would resume normal 
operation. The major issues with Receiver #29 occurred during the Test #1 full power testing on 
the Holloman Day 2 schedule and on the Test #5 test with a combination of signal strength 
decreases or no tracking. Interestingly the only receiver that did not have any tracking problems 
was Receiver #26. It should be noted that data was only collected during Day 2 of the Holloman 
AFB testing. Data was not collected on the third day due to the receiver being out of memory. 

Receiver #30 and Receiver #31 both exhibited major problems in tracking with all tests. The 
typical behavior is that when a test signal was broadcast the receivers would lose total lock on 
the satellites and not track until the signal was turned off. This matches the behaviors seen by 
other government and industry testers of GPS and GNSS receivers. 

Conclusions 

GPS and GNSS technology is a major field data collection tool used by all resource management 
agencies. If the LightSquared implementation plan goes forward as proposed it will have a 
severe negative impact on the agencies' ability to efficiently and effectively collect data to 
manage our nation's resources. We will be severely limited in our use ofGPS I GNSS real time 
survey receivers. We could potentially be forced to go back to total station surveys which will 
add costs in terms of operation and personnel. In addition the LightSquared plan could result in 
the Continually Operating Reference Station (CORS) GPS/GNSS network not being able to 
collect data and providing access to the National Spatial Reference System (NSRS). This will 
hamper our ability to collect or reference accurate geospatial data. 
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NOAA 

NOAA / National Geodetic Survey participated in the NPEF sponsored LightSquared Live Sky 
testing at Holloman AFB on April 15, 2011. The NOAA vehicle was configured with four high 
precision geodetic / survey GPS receivers connected through an eight way splitter to a geodetic 
antenna using magnetic mounts on the vehicle roof. Another antenna similarly mounted was 
connected to a single survey receiver with the manufacturer recommended geodetic antenna. To 
maintain receiver anonymity in presenting the results random codes were assigned to the 
geodetic/ survey receivers tested. These codes were obtained from the LightSquared / United 
States GPS Industry Council (USGIC) Working Group Facilitator and will also be used in 
reporting NOAA results from the LightSquared Live Sky testing in Las Vegas May 18 - 22. 

Due to high wind conditions on April 15th
, the LightSquared Ancillary Terrestrial Component 

(ATC) reference station could only be raised to 32 ft. (9.8 m.) instead of the 100 ft. (30.48 m.) specified 
operational height. The NOAA vehicle was approximately positioned 315 m. (32 51 57.0N, 1067 
35.1 W - ATC coordinate location) from the LightSquared transmitter for Tests #2, Test #3, and 
Test #4. After Test #4 the test director requested that the NOAA vehicle move about 100 m. 
closer to the LightSquared transmitter for the remainder of the testing that day. The NOAA 
vehicle was repositioned approximately 230 m. from the transmitter for Test #5, Test #9 (Ramp) 
and Test #7. The test conditions for all tests are noted in Table 5-17. The NOAA vehicle position 
on April 15th is shown in Figure 5-39. 

Table 5-17. Live Sky Test Results, 15 April 2011 

Test #2 - 5 MHz - High Event time (GPS) Transmitted Power 
Band- Full Power EIRP -Total (dBm) 

Start Test 2:39:00 54.1 

Added + 3dB to each port 2:42:00 57.1 

End Test 3:09:00 57.1 

Test #3 - 5 MHz - Low 

Band - Full Power 

Start Test 3:25:00 57.2 

End Test 3:40:00 57.2 

Test #4 - 10 MHz - Low 
Band - Full Power 

Start Test 3:54:00 57.2 

End Test 4:09 :00 57.2 
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Test #5 - 10 MHz - High 
Band - Full Power 

Start Test 4:22:00 57.2 

End Test 4:37:00 57.2 

Test #9 - Ramp - 5 MHz -
High Band - Variable Power 

Start Test 5:08:00 Variable 

End Test 5:50:00 Variable 

Test # 7 - 10 MHz - High 
Band and 10 MHz Low 

Band - Full Power 

Start Test 6:05:00 54.2 dBm - One Channel 

Added Second Channel 6:05:37 54.2 dBm - Each Channel 

End Test 6:20:00 54.2 dBm - Each Channel 

5-43 
DISTRIBUTION STATEMENT A: Approved for public release; distribution unlimited 



DISTRIBUTION STATEMENT A: Approved for public release; distribution unlimited 

Figure 5-39. Live Sky Test Locations, 15 April 2011 

The Test #2 results for receiver H07007 A connected to geodetic antenna B through the splitter 
are shown in Figure 5-40. Receiver H07007A lost tracking at the start of the 5 MHz high band 
test and did not recover until the test was completed. The LightSquared transmitter was adjusted 
to output more power at GPS time 2:42:00 to 57.1 dBm, but receiver H07007A had already lost 
track at 54.1 dBm at the start of Test #2. The LightSquared transmitter at Holloman was not able 
to generate the maximum specified power of 62 dBm but could only achieve 57.1 dBm 
(approximately 5 dBm less than allowed). The test results in Figure 5-31 show the Ll C/ A Signal 
to Noise Ratio as a function of time for each PRN tracked during Test #2. 

Near the completion of Test #3 receiver H07007 A was disconnected from the 8 position splitter 
and connected to a separate geodetic antenna (Antenna C) to provide a broader range of test data. 
Test #3 and Test #4 results for Receiver H07007 AlC-antenna are shown in Figure 5-41. During 
Test #3 (5 MHz- Lower Band - Full Power) the Signal to Noise Ratio for all PRNs tracked by 
receiver-A dropped by about 5 dB. At the beginning of Test #4 the Signal to Noise Ratio 
dropped about 11 dB for all tracked PRNs. During the remainder of Test #4, the Signal to Noise 
Ratio dropped an additional 4 dB ending Test #4 with a net decrease of 15 dB for PRNs 7, 8, 17, 
26 and 28. PRN 11 had a net decrease of 17 dB. 
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Figure 5-40. Results for Receiver H07007 A with Antenna B 
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In addition to the 8 splitter receiver configuration at NOAA Test Site #1 another geodetic 
receiver (Receiver BfA-ant.) was also tested. The antenna connected to this receiver was a 
manufacturer recommended antenna. This receiver data acquisition was started after the 8 splitter 
receivers were set to take data and as a result Test # 2 was already over before the data 
acquisition was started for this receiver. However, no SNR degradation or loss of tracking was 
observed for Receiver BfA-ant during Tests # 3 and #4. The SNR degradation or loss of track for 
all receivers tested is summarized in Table 5-18 for NOAA Test Site #1 (315 m.). For receivers 
H92053, H80708 and H33451, the RINEX file conversion software were earlier versions of 
v2.11 and did not output the receiver Signal to Noise Ratios except in a compressed form which 
is not useful. The receiver performance for these receivers for the tests in Table 5-17 are 
summarized by noting positioning performance in Table 5-18 and Table 5-19. 

Table 5-18. Summary of Receiver SNR Degradation or Loss of Tracking @ 315m from 
LightSquared A TC Transmitter 

Receiver 
H07007 AlB-ant. 

Receiver 
H07007 AlC-ant. 

Receiver 
H07007Bf A-ant. 

Receiver H913891B­
ant. 

Test #2 

All PRNs lose 
track and do not 

recover until Test 
# 2 is completed 

No Data - Data 
acquisition started 

too late 

5 PRNs lose track 
4 seconds into test 

- all remaining 
PRN s lose track 

@2:54:48 

Test #3 

Partial Data 
Acquisition - SNR 
ratios of all PRNs 

decreased by about 
5 dB 

NoSNR 
degradation or 
tracking loss 

3 PRN s lose track 3 
seconds into test­
the SNRs of the 6 
remaining PRNs 

decrease between 17 
to 19 dB - all 

remaining PRNs 
lose tracking 

@3:35:30 with 4:30 
min. remaining in 

test 

Test #4 

SNRs for all PRN s 
tracked decreased 
11 dB at beginning 
of test and dropped 
another 4 dB at the 

end of test 

NoSNR 
degradation or 
tracking loss 

5 PRNs lose track 5 
seconds into test­
the SNRs of the 4 
remaining PRNs 
decrease 14 to 25 
dB - all remaining 
PRN s lose tracking 

@3:54:22- 22 
seconds into test 
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Receiver H92053 /B- 15 minutes into 3 seconds into test 6 seconds into test 
ant. test @2:54:13 less @3:25:03 less than @3 :54:06 less than 

than 4 PRNs 4 PRN s tracked - no 4 PRNs tracked - no 
tracked- no position solution for position solution for 

position solution remainder of test remainder of test 
for remainder of 

test 

Receiver H80708/B- 13 seconds into 4 seconds into test 4 seconds into test 
ant. test @2:42:13 less @3:25 :04Iess than @3 :54:04Iess than 

than 4 PRNs 4 PRN s tracked - no 4 PRN s tracked - no 
tracked- no position solution for position solution for 

position solution remainder of test remainder of test 
for remainder of 

test 

The NOAA vehicle was moved after Test #4 from 315m to approximately 230m from the 
LightSquared A TC transmitter at the request of the Test Director. The SNR degradation or loss 
of track for all receivers tested in summarized in Table 5-19 for Test Site # 2. 

Table 5-19. Summary of Receiver SNR Degradation or Loss of Tracking @ 230m from 
LightSquared A TC Transmitter 

Test #5 Test #9 (Ramp) Test #7 

Receiver All PRN s lose Tracking until One second into test 
H07007 AlC-ant. track and do not 5:12:03 @42.4 dBm all PRNs lose track 

recover until Test - then less than 4 for the duration 
# 5 is completed PRN s tracked - no 

position solution for 
remainder oftest 

Receiver All PRN SNRs Tracking until NoSNR 
H07007BI A -ant. drop 1-5 dB at 5:26:37 @57.5 dBm degradation for 2 

start of test; all - Max Power then PRNs and 1-4 dB 
PRN SNRs drop less than 4 PRNs degradation for 

an additional 3 dB tracked - no remaining PRNs at 
(3-8 dB) by end of position solution start-30 seconds into 

test until 5:35: 13 @51.5 the test 7 PRNs lose 
dBm when tracking tracking and 

resumes with 4 remaining 3 PRNs 
PRNs SNRs decrease an 

additional 14 dB 
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Receiver H91389/B- 5 PRNs lose track Tracking until 3 seconds into test 
ant. 4 seconds into test 5:16:54 @47.5 dBm @6:05:03 less than 

- all remaining - less than 4 PRN s 4 PRNs tracked - no 
PRN s lose track tracked - no data position solution for 

@2:54:48 until 5:40:37 @45.4 remainder of test 
dBm when tracking 

resumes with 4 
PRNs 

Receiver H92053/B- 29 seconds into Tracking until 30 seconds into test 
ant test 5:25:46 @56.5 dBm @6:05:30 less than 

@4:22:29 less than - then less than 4 4 PRN s tracked - no 

4 PRNs tracked-
PRN s tracked - no position solution for 

no position position solution remainder of test 

solution for until 5:41 :26 @45.4 

remainder of test dBm when tracking 
resumes 

Receiver H80708/B- 4 seconds into test Tracking until RINEX file ends 
ant. @4:22:04no 5: 14:09 @44.4 dBm @5:14:09-No data 

PRN s tracked - no - then no PRN s for Test #7 
position solution tracked - no 
for remainder of position solution for 

test remainder of test 

The GPS accuracy of Receiver H07007 AI C-antenna was determined using NOAA / NGS post 
processed software during the time interval between the end of Test #3 and the beginning of Test 
#4 (Figure 5-41). The application computes differential position coordinates using the closest 
CORS reference station to the NOAA vehicle. The Receiver H07007 AI C-antenna accuracy 
relative to the average vehicle coordinate when the LightSquared reference station was not 
transmitting is shown in Figure 5-42. The NGS post processed 95% accuracy is three meters or 
less with CORS reference stations up to 200 km. from a rover position. The receiver H07007 AI 
C-antenna accuracy during LightSquared transmitter Test#4 is shown in Figure 5-43. The 95% 
position accuracy of Receiver AI C-antenna degraded from 2.6m to 3.1m and more outliers 
occurred during Test #4. The GPS accuracy of Receiver B/A-antenna was measured during Test 
# 5 and no degradation was noted as the PRN SNRs decreased 3-8 dB (Table 5-19). 

The carrier phase accuracy was determined using NOAA / NGS product OPUS-RS. OPUS 
(Online Positioning User Service) is a free Web-based utility enabling its users to submit GPS 
data to NOAA's National Geodetic Survey where it will be automatically processed to obtain 
precise coordinates for the location associated with this data. The biggest difference between 
OPUS and OPUS-RS is the occupation time. OPUS requires a minimum occupation time of at 
least two hours and OPUS-RS requires a minimum occupation time of fifteen minutes. The 
LightSquared A TC transmissions in different phases during the testing on April 15 were 15 
minutes in duration for all tests except for the ramp test (Test # 9) which lasted about an hour. 
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OPUS-RS also has the capability to estimate the accuracy and availability at a given coordinate 
for 15 minute and one hour data sets. Table 5-20 lists the predicted and measured carrier phase 
accuracy for Receiver H07007 AlC-antenna. This is the only receiver to maintain tracking and 
experience SNR degradation during a LightSquared A TC test without losing tracking. Carrier 
phase accuracy was not measured for Receiver H07007 AlB-antenna as this receiver did not 
experience any SNR degradation or lost tracking during Test #4. 

t! 
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4.00 

2.00 

0.00 

-2.00 

4.00 

-6.00 

-8.00 

Receiver H07007A I Antenna C - PosItIon Error 
With UlhtSquared Transmitter Off 

-8.00 -6.00 -4.00 -2.00 0.00 2.00 4.00 6.00 8.00 

East Error 'n Meters 

• Receiver H07007A Erron 

- Receiver H07OO7A 95" 
PosItion Enor - 2.6 m. 

Figure 5-42. Receiver H07007 AI Antenna C Position Error with LightSquared Transmitter OFF 
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Receiver H07007A I Antenna C - Position Error Durin. 
UlhtSquared Transmitter Test 14 (10 Mhz low Band 57.2 dBm) 

8.00 

• 6.00 

• • 
4.00 

2.00 

.5 

! 0.00 

.I: i -2.00 

Z 
• Receiver H07007 A 

.00 

-6.00 l 
- Receiver H07007A 95" 

PosItion Accuracy· 3.1 m. 

·8.00 

-8.00 ·6.00 -4.00 -2.00 0.00 2.00 4.00 6.00 8.00 

East Error In Meters 

Figure 5-43. Reciever H07007 A Position Error with LightSquared Transmitter ON (1 OMHz 
Low Band 57.2 dBm) 

Table 5-20. OPUS-RS Carrier Phase Accuracy During Test #4 

95% Predicted 95% Measured 

Position Accuracy Position Accuracy 

Receiver H07007 AlC-ant. 2cm. 1.2 cm 

Test site #1 Test # 4 (898 Data Points) 

Summary Analysis and Conclusions 

Most geodetic survey receivers lost tracking at 315 meters or less from the LightSquared A TC 
reference transmitter station. The better perfonnance was provided by Receiver H07007B/A-ant. 
(connected to the manufacturer recommended antenna). No SNR degradation or tracking loss 
was observed for this receiver during Test #3 (5 MHz - Low band - Full Power) or Test #4 (10 
MHz - Low Band - Full Power). During Test #5 (10 MHz - High Band - Full Power) this 
receiver experienced 3-8 dB SNR degradation but no degradation in pseudorange or carrier 
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phase accuracy. Receiver H07007B/C-antenna (connected to a separate geodetic antenna instead 
of the common antenna in the splitter) experienced about 15 dB SNR degradation and also had a 
0.5m.decrease in pseudorange accuracy during Test #4. There was no degradation in carrier 
phase accuracy (Table 5-20) for this receiver. The remaining three GPS receivers (H91389, 
H92053 and H80708) connected to common antenna B through the splitter all lost tracking 
during Test #2, Test #3, and Test #4. All receivers lost track during Test #5 and Test #7 except as 
noted above for Receiver H07007B/A-antenna. All receivers lost tracking during the Ramp test 
and either resumed tracking as the power was decreased or were not able to reacquire the GPS 
satellites for the remainder of the ramp test. Test# 5, Test #9, and Test #7 may also be more 
severe as the 5 and 10MHz high bands were transmitted at full power which are closer to the 
GPS band. 

This data set may not qualify as official data for the Holloman AFB Live Sky testing as the 
LightSquared A TC tower height was only at 32 feet instead of the operational height of 100 feet 
for the subsequent days of testing. However, this data set may be a preview of what can be 
expected during the LightSquared Live Sky testing in Las Vegas. Three of the four LightSquared 
ATC reference stations will have antenna heights between 15.2 - 18.3 meters compared to the 
NOAA data set logged at the 9.8 meter antenna height. 

National Continuously Operating Reference Station (CORS) System 

The National Geodetic Survey has established a national CORS system to support non­
navigation post-processing applications of GPS. More recently, the CORS network has also 
served a troposphere and ionosphere monitoring network by those two scientific communities. 
Additionally, the national CORS is being modernized to serve as the foundation for future 
applications that support near- and real-time positioning (differing from navigation applications 
by the lack of a safety-of-life component). The national CORS system provides code range and 
carrier phase data from a nationwide network of GPS stations for access by the Internet. As of 
March 2005, data were being provided from more than 650 stations. 

The NGS manages and coordinates data contributions from GPS stations established by other 
groups rather than by building an independent network of reference stations. In particular, use is 
being made of data from stations operated by components of DOT and DHS that support real­
time navigation requirements (mostly W AAS and NDGPS). These real-time stations make up 
approximately 26 percent of all national CORS stations. Other stations currently contributing 
data to the national CORS system include stations operated by the NOAA and NASA in support 
of crustal motion activities, stations operated by state and local governments in support of 
surveying applications, and stations operated by NOAA's Forecast Systems Laboratory in 
support of meteorological applications. 

The national CORS is a GPS augmentation system managed by NOAA that archives and 
distributes GPS data for precision positioning and atmospheric modeling applications. It serves 
as the basis for the National Spatial Reference System, defining high accuracy coordinates for all 
CONUS-based Federal radionavigation systems. Historically, CORS served post-processing 
users of GPS, but is being modernized to support real-time users at a similar level of accuracy. 
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State of New Mexico Emergency Services 

I T An! OF NeW M!lOCO 
D!PMT-.rOP IIIIMCINIO ..... TltATION 

~~1IfV..aN 
.................................... ,.. .... IIIIdoof7tot 

..., ...... 'QJIO.Cllltm.-. 

May 11.2011 

Benwd J. Gruber. Col. USAF 
Director 
Global Positloniq S)'IfemS DiJccIOnlc 
Front Office 
483 N. Aviatioa Blvd. 
Los Angeles AfB. CA 90245-2108 

K.an:.n Van Dyke 
Dircc:tor. PosidOl1iDa. Navipdon, IIId TImina (Amna) 
DOTIRacarch lAd Innovativ~ TcdmolOlY AdmiJUstndioo (RlT A) 
11OON.w Jeney Av .... , SE 
WasbiDaIon. DC 2OS90 

Thoma J. NaaJe. SMClGPC 
Propam Mmapr, Civil AppliealioDl 
GPS Dbectora&e, Los Anples AFB 
Buildias 271, Room B2-S48 
483 North Aviation Blvd. 
El Sqpmdo, CA 90245·2808 

Dear Colonel Graber, Ms. Van Dyke and Mr. Naal~; 

In Marcll2011 I was informed ora COIDJ*JY called UgbtSqulred that IJ Blkina for FCC ~vaIlO 
build. nadoDwide 40 wirelea network. There is ccmcem fiorD ~or CiPS providen tbII 
LiPJSquaNd', hqueDcy inter&ns with GPS alpaIa aec:eaury for rouIiIIc 911 caller IocaIioo. 

I wu atcd by Ibc Federal A vi.uon AaencY (FAA) to coordioaIe first rcspoodc:r ropracotallivcs from 
fire, EMS ad law enforcemem for tesdq of1be UsbtSqnlnld netWOrk in alive sky ...... environment 
III HoIlOlll8ll AFB. New Mexico aD Api! 1S - 16. 2011. The objective of the tell WID to deJmnine jf 
any level of lutafenmce to GPS si'" were • result or UIfIaSquared tesIifta. 

The an.checl rep:IIU are provided by law eafon:cmeDr. EMS aDd fire firIt lWpOIICIers who perticipaIed in 
the field teat. Law CDfilrcemem was repreaemed by New Mexico s..te Police pel'IOhDCl Mike De FIUIOlI 
and Officer Daoiel Vaa9wa of New Mexico State Police Districc 4 oftke in Las Cruces. Mike i, • 
subjcc1 matltr expert in communkations ttehDolOl1 with lID amphui' 00 radio. The attached MporIa 
'erify there was a neptlve effect <XI tht OPS equipmeat. 
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EMS IDd fire aqJOrtI are fmm local JOYeIDIIIGIl ftnt responden iiom Otero County. Tbey icpicscnt 

typk:a1 file aDd EMS field oquipmcnL Soe the altII:bed report fiom Otero County EmeraeDcy MaMaer 
Paul QuairoIi derailina IIlOIDaIics in GPS m:cption. 

III CCIDCIuioo the IdIIIChed tepOrIS subslaDIiIIc cooc:cms that the UptSquand network will cause 
interfeJeoco 10 OPS JipIe Ed jeopatize 911 .... public safety udonwidc. 

If you Uve III)' quesdoal. pleue feel free 10 comac:t me It 505-827"'804 or ~1J!!.Il~~£.D!.!LlU 

Siaccely. 

~f{ 
BillRaap.BNP.PMP ~ 
New MaJco B-911 Program Director 
Deputmmt of finance and AdministratiOft. Local OovcrmnCllt Division 

IWh'&mn'Tcat 

Oa April) 5.2011, It approxim8&cly 2354, we cxpericDc:ed sysIeiIl failure wbeD we parked III1dcr Ihe 
lJtbtSquared tower. Ouce the power wu aIwl off 81 the 1DWar, .",.Ieft the tower site. When we aot to 
die tum off lor the din rued. the system came beck up aDd the AlamC)COrdo office was able to see us 
moviDa .... 

Our em eell phone connectivity, radio c:oauectivil)', aDd satelHte couectIvity. Our mobile datil 
terminal will lutomatie&lly leet and COJUlt!Cl to the Il1'O e Iipl. The OPS is only over the Atdlite 
uaDlCeiver. 

Wbeo the t.aa 'Mft ItBrted Ipin our OPS positiona were skewed. Wbc:u the LiJbtSquInId to\WI' was 
eamecl otrlhc S)'!IeIIl would normal out. 

I beIicvo 11 wu appuximateIy 0400 when 1bey bepal the hiah dull five -. die OPS posWcms wcm 
akewecllDd tcmained IbMCl cvm after power WII turned ou. AJ they bepft the next tealS. we II8nCd 
aeaiDa OPS readina from the A!amoaOl'do office every tal minutes. 1'beIe OPS radirIp condDued 10 be 
IacomIctthe ~st oftbe test period. We asked the ~oftk:e1O tend tbcOPS radiD8a willi tbc 
limo via abc MDC 10 1bae would be • feCOI'd of the infotmatioD. 

We were uaabJc 10 act Ibe syItIIm to JIOIIDaI out UDdl we ..... a.vm, HolJomall AFB OIl April 16,2011 
.. approximIrely 0100; we cli411D01ber rctel of !be cq\IipmenL At dII& point Ibe I)'IIcm bepD to ftmction 
comctly. . 

My times aod GPS ..... 'Mn aMm to C8pIilin JUIIin Deifel. USAF at tile c:IosiDa brieftaa. 

Submillldby: 

Mike .De FaueI1 
New M.Idoo S .... Poue. 
DtIIriet Four CcImmmic.Idons 
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6. Subtask 6 - Simulation Activities 

Task Statement 

Coordinate simulation activities to further assess effects on GPS usage under various scenarios. 

NASA Simulations 

Overview 

This report describes analysis of LightSquared base station interference to four high-precision 
GPS receivers used in NASA spaceborne and terrestrial applications. All four receivers are 
capable of processing the Ll CIA-code and LlIL2 P(Y) code GPS signals. The P(Y) code signals 
are processed using various semi-codeless techniques to obtain the L2 carrier phase. Interference 
assessment is based on estimating the interference levels expected in various spaceborne and 
terrestrial scenarios and comparing them against interference limits/thresholds obtained through 
conduction measurements on the four receivers by JPL. This testing was performed at JPL on 
March 22,2011 using a simulated LightSquared Phase 1 signal (i.e., two 5 MHz channels 
centered at 1528.8 MHz and 1552.7 MHz) and is described in the previously distributed report, 
"A Preliminary Report on the Effects of Conducted LightSquared Emissions on Four High­
Precision GPS Receivers." LightSquared provided filters for this conducted testing and a 
LightSquared representative participated in the testing. The spaceborne analysis includes both an 
atmospheric radio occultation (RO) application where the GPS receiver antenna is directed 
towards the Earth limb in order to measure properties of the atmosphere and the more typical 
navigation application where the GPS receiver antenna is pointed upwards to obtain spacecraft 
position, velocity, time and/or attitude. Two precision terrestrial receivers used in the IGS 
(International GNSS Service) and SCIGN (Southern California Integrated GPS Network) are 
also examined. 

Analysis Assumptions 

Table 6-1 shows the GPS characteristics and LightSquared base station characteristics used in 
the various analyses. Three types of analysis were performed: (1) aggregate base station 
interference into spaceborne GPS receiver; (2) interference from single base station into 
terrestrial receiver; and (3) aggregate base station interference into terrestrial receiver. For the 
space receiver analysis, 3 cases were considered: (a) radio occultation (RO) receiver onboard 
COSMIC-2 satellite in 800 kmI72° inclined orbit (see Figure 6-1); (b) RO receiver onboard 
COSMIC-2 satellite in 520 kmI24 ° inclined orbit; and ( c) navigation receiver onboard typical 
LEO in 400 km altitude orpit. 

DISTRIBUTION STATEMENT A: Approved for public release; distribution unlimited 
6-1 



DISTRIBUTION STATEMENT A: Approved for public release; distribution unlimited 

GPS Receiver Characteristics 

Spaceborne Receiver Analysis 

For the spaceborne receiver analysis a MA TLAB simulation program was developed to model 
the receiver onboard a satellite in various orbits and interference statistics calculated for a 
LightSquared base station deployment of base stations distributed among certain cities in the US. 
This city data was provided by LightSquared but has been redacted in this report for proprietary 
reasons. Two types of space receiver applications were considered: (I) the RO application which 
involves pointing the GPS receiver antenna towards the earth limb in order to receive GPS 
signals traversing the atmosphere; and (2) the more typical navigation application in which the 
antenna is pointed in the zenith direction towards the GPS constellation. In both cases 
interference thresholds for the TRIG and IGOR space receivers (as determined by the JPL 
conduction testing) are considered. 

The TRIG and IGOR receivers are designed for RO measurements but can also be used for 
navigation/Precision Orbit Determination (POD). In the RO technique a GPS receiver in LEO 
observes the propagation delay of GPS signals which travel through the atmosphere. 
Occultations occur as each GPS satellite rises or sets on the horizon as viewed by the space 
receiver. From the changing delay, the (altitude) variation in the atmosphere's index of refraction 
can be measured and altitude profiles of ionosphere electron density, atmospheric density, 
pressure, temperature, and water vapor can be derived. Consequently, the receiver antenna main­
beam is directed towards the earth limb (and also, in this case, the main-beams of the interfering 
base stations). JPL is planning the next generation of RO measurements with receivers onboard 
the COSMIC-2 constellation, which will have initial launch in 2014 and consist of six satellites 
in a 520 km orbit at 24 degrees inclination and six more at 800 km orbit and 72 degrees 
inclination. Each satellite will have actively steered array antennas with approximately + 15 dBic 
gain directed along the limb of the earth in the forward (for rising GPS satellites) and aft (for 
setting GPS satellites) directions. Figure 6-2 shows the gain pattern for the forward antenna with 
the main-beam directed 26.2° below the satellite velocity vector towards earth limb. The 12 
elements of the array are on a 60 cm tall x 40 cm wide mounting plate and mounted on the front 
of the spacecraft so that the plate is vertical and the outward normal to the plate is parallel to the 
spacecraft's velocity vector (assuming circular orbit). 

The TRIG is the next generation NASAlJPL RO receiver designed to work with new signals 
from GPS and other GNSS satellites. It can also be used for POD. It has a very wide RF pre­
select filter (i.e. 3 dB bandwidth from 1100 MHz to 1660 MHz) to allow the receiver to be 
reprogrammed in flight to different frequencies over the full range of GNSS signals. The wide 
bandwidth also results in lower insertion loss, less variation of signal delay and phase with 
temperature, and allows newer processing techniques by using a signal bandwidth much greater 
than the conventional 20 MHz. 

The IGOR is the current generation RO receiver based on the NASAlJPL Black Jack space 
receiver. These receivers have been deployed as primary science payloads on the COSMIC 
mission, TerraSAR-X, Tandem-X, and TACSAT-2 missions. IGOR has a wideband pre-select 
filter and narrowband Ll and L2 filters. IGOR can also function as a POD GPS receiver. 

For the usual space navigation application, the TRIG/IGOR receivers are assumed to use a zenith 
pointed choke ring antenna with 6.8 dBic gain with gain pattern shown in Figure 6-3. For this 
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