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Introduction
In RAN#88e, anew work item (WI), Introduction of NR band n24, was approved [1].  

One of the specified objectives for these WI was to 
“review FCC material on record in docket 12-340, 11-109 that formed the basis for the FCC’s decision regarding GPS coexistence with band 24 downlink to evaluate the impact on E911 calls in accordance with FCC rule 47 C.F.R §9.10” during the RAN4 #96e meeting.

This submission addresses this objective of the WI.  
Review of Material on Record Related to Downlink Transmission Testing related to E911
There were two substantial sets of tests performed to evaluate the impact of Band 24 transmissions on cellular devices supporting E911:

· Technical Working Group (TWG) testing in 2011
· Roberson and Associates (RAA) testing in 2016

Given the volume of material generated through these tests, the sub-sections below summarize the scope, methodology, results and conclusions of each.  The details of the two testing campaigns are available in [3] and [6] respectively.
TWG Testing (2011)
As part of the FCC’s regulatory proceedings in Docket 11-109 to approve Ligado’s Band 24 spectrum holdings for terrestrial use, the FCC mandated that a Technical Working Group (TWG) be formed to evaluate compatibility between Band 24 and GPS uses in the adjacent band. As part of this testing campaign, cellular A-GPS devices were evaluated with Band 24 signals present. 
Scope relative to E911 on cellular devices
The TWG tested 41 mobile phones in three laboratories and 29 mobile phones in a field trial in Las Vegas, all for potential interference from operation on the lower 10 MHz downlink channel (1526 – 1536 MHz). The test plans for both the laboratory tests and the field trial were agreed to by consensus of the Cellular Sub-Team, which included representatives of Ligado (formerly LightSquared )(the Team Lead), Alcatel-Lucent, AT&T, CSR, Globalstar, Judge Software, Motorola Mobility, New Mexico E-911, Qualcomm, Samsung, Sprint Nextel, Sprient, T-Mobile, Trimble, U-Blox, US Cellular, and Verizon Wireless (Appendix C.1 in [3]). The sub-team conducted approximately 40 days of testing at the following labs: PCTEST in Columbia, Maryland; ETS Lindgren in Austin, Texas; and Intertek in Lexington, Kentucky, from May 16-27, 2011.
Test Methodology
The lab tests were based on conformance tests defined in 3GPP and 3GPP2, TIA and CTIA standards and comprised of pass/fail criteria relative to key performance indicators (KPI) such as 2-D position error and response time (time-to-first fix, or TTFF). These tests required some adaptations to accommodate the presence of adjacent band interference, which is not included in the standardized tests. The types of tests included both “deep sensitivity tests” where the GPS signal levels were set to very low levels (below -147 dBm), as would be the case when the GPS signals were facing considerable blockage, and nominal accuracy tests where the GPS signals would be representative of open sky outdoor conditions (-130 dBm). [see TWG Final Report, Appendix C.1 for Laboratory Test Plans in [7] and Section 3.2.9.6, Figure 3.2.20  in [3] for applicability of different tests to different operating environment]. Passing the tests involved meeting a specified condition relative to the KPIs, such as a 2-D position error of 100 meters and a response time of 20 seconds 95% of the time, in a specified number of trials with a specified confidence factor. [Table 5.2.1.2 in 3GPP TS 34.171,]. Not all tests had the same KPI requirements. These KPI requirements roughly correspond to the E911 requirements, such that passing the test provides high confidence that the E911 requirement would be met in the scenario that is most applicable to that test.  The E911 requirement for the 2-D position error is less than 50 meters 67% of time and less than 150 meters, 95% of the time. 

Observation 1: The nominal accuracy test specified in section 5.2 of TS 34.171 specify a minimum requirement of less than 100 meters, 95% of the time.  A device conforming to nominal accuracy test specified in TS 34.171 was expected to meet the E911 requirement.

Observation 2:  During the measurement campaign, TWG was cognizant of FCC’s E911 related accuracy and reliability requirements as is evident from section 3.2.3.1 in [3] and reproduced below.  

“3.2.3.1 Cellular Device AGPS Use Cases 
The three primary use case examples for GPS receivers in cellular telephones are: 1) E911 Location; 2) Location-Based Services and 3) Real-Time Navigation. Each of these three use cases is associated with unique signal level and propagation aspects, driven, in part, by device orientation and proximity to the user. 

3.2.3.1.1 E911 Location 
The FCC‘s accuracy and reliability requirements for automatic location information (ALI) for wireless carrier enhanced 911 (E911) service require that carriers using handset-based E911 solutions provide location information within 50 meters for 67 percent of calls and within 150 meters for 95 percent of calls. These are the historical requirements for handset based location and there are recently adopted rules, 47 CFR Part 20.18 which will reflect different standards in the coming years. Carriers are expected to deliver a location fix within 30 seconds. These performance criteria are in alignment with FCC OET 71 guidelines. During an E911 call, the cellular telephone must acquire an accurate location fix using GPS/A-GPS, in some cases utilizing other location determination systems in addition to GPS.”

For the field trial, the KPI data of 2-D position error and response time were collected without categorizing them into pass/fail criteria (Appendix C.3 in [7]).  The pass/fail criteria were based on two factors: i) susceptibility and ii) power on ground, which are discussed below. Tests were performed both in fixed locations that were selected because they had the highest power level on the ground in the vicinity of the base station tower and in a moving vehicle that repeatedly drove a route in the vicinity of the tower. The former are referred to as Static tests and the latter as Dynamic tests. KPI data were collected in adjacent 15-minute epochs when the transmitter was on and when it was off. This allowed the differential impact of the Ligado signals to be observed without excessive change in satellite constellation geometry, which could have an independent effect on the position accuracy.

Results
The results of the laboratory tests demonstrate that, for the lower downlink channel of 10 MHz bandwidth, all of the cellular devices tested passed the tests corresponding to outdoor operation (Tests 2.4.1.4 and 2.4.2.4 in the Cellular Laboratory Test Plan) in the presence of a Ligado signal at -30 dBm (Table 3.2.4 in [3]). Only two devices failed the above test at a level above -15 dBm. For the deep sensitivity tests  (Tests 2.4.1.2 and 2.4.2.2 in the Cellular Laboratory Test Plan [7]), where the GPS signal level was below -147 dBm, the results were that one failed at levels above -45 dBm and two failed at levels above -30 dBm. As the deep sensitivity test corresponds to indoor operation, where approximately 10 dB of building loss may be accounted for, these “failure” levels may be increased by 10 dB to determine the equivalent outdoor Ligado power level, i.e. -35 dBm and -20 dBm, respectively, in the above cases. 

In the field testing in Las Vegas [8], with the lower 5 MHz channel (1526.3-1531.3 MHz) in use, no systematic impact of the presence of the Ligado signal could be discerned in the position errors noted at any site (dense urban, urban, suburban, and rural) (Section 3.2.13 in [3]). The Las Vegas data shows that even when devices were subjected to power levels as high as -25 dBm, there was no perceptible effect on the position error that could be attributed to the Ligado signal. In rural site #53, according to data collected by Trimble, 1157 incidences of measured powers above -20 dBm were reported, which was at the 98.5% probability point of the CDF of all data points collected at that site (the –20 dBm is equivalent to -25 dBm at the device antenna port with a -5dB adjustment for device antenna coupling loss, assumed by the Cellular Sub-Team).  However, in the Dynamic tests with the lower 5 MHz downlink channel at the same location, no systematic impact of Ligado signal was discernible – Section 6.2.1.ii[7]. 
Key to any interference assessment is (i) the probability  that the Ligado signal will be at a particular level at a sample of UEs with antenna height of 1.5 m above the ground (referred to as Power on the Ground, or PoG) over any given percentage of the service area (i.e. the CDF of PoG), and (ii) the probability that a sample handset will remain compatible at a sufficiently high value in the above CDF. The assessment of (i) and (ii) were pursued separately and then combined as described below.

The TWG lab tests addressed exclusively (ii) above, wherein the susceptibility thresholds of the tested UEs were determined regardless of the use case that might be responsible for the adjacent band power.  The figure below shows the CDFs of the percentage of passing devices over the domain of normalized interference power received at the UE’s antenna port.  Then, analytical propagation models, shown in Figure 1 were used to predict the Power on Ground (PoG) for different use cases – Free Space Outdoor, Walfisch-Ikegami Line of Sight (WILOS) to addresses outdoor cases with light clutter or Indoor Residential, and Indoor with higher building penetration loss. 

The transmitter was assumed to comprise:  a 30 m tower radiating an EIRP of 62 dBm for the low 10 MHz downlink channel.  The PoG values of the above scenario, using the approximate maxima of the CDFs, were -30 dBm, -35 dBm and -45 dBm, respectively.  The CDFs show that as long as the PoG from the Band 24 base station utilizing 1526 – 1536 MHz does not exceed  -30 dBm, all devices are expected to pass the -130 dBm accuracy suite.  
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[bookmark: _Ref46333160]Figure 1: Predicted “Power on the Ground” Versus Horizontal Ground Distance from the Band 24 eNode B Antenna Using Free Space (FSLOS) and Walfisch Ikagami Line of Sight (WILOS) models (Figure 3.2.21 in [3])  



[image: ]
Figure 2‑2: Cumulative distribution of Device susceptibility values versus “power on the ground” for the Nominal Build Plan (Figure 3.2.20 in [3])

The TWG also engaged in extensive PoG  measurements as one aspect of the outdoor trials in Las Vegas. These measurements were compared with the handset susceptibility results shown in Figure 2 to make additional compatibility assessments beyond those based on the analytical PoG predictions of Figure 1. The data was collected in different clutter environments and tower heights with base stations operating at 62 dBm EIRP.  The reported PoG values were normalized to an omnidirectional antenna.  Comparisons with the handset susceptibility values were made after a +5dB adjustment to the PoG values to account for the –5dBi GPS antenna gain of the handset (agreed to by the Cellular Subgroup).

A CDF analysis of the Las Vegas PoG level presented in the Cellular Sub-Team section of the TWG Report (Fig. 3.2.26 in [3]) showed that, for a typical base station antenna height of 16.8 meters (Site 68, Sector #1), the probability of exceeding -20 dBm (where 95% of the devices tested would pass the -130 dBm accuracy suite) would be 1.2 percent.   For a tower height of 71.6 meters (Site 217), no power was measured above -35 dBm in data collected by Ligado or above -30 dBm in data collected by Trimble (Figure 3.2.30 in [3]).[footnoteRef:2]  [2:  Appendix C.3 in [7] The power of -20 dBm reported in the above graph was referenced to a 0 dBi dual, linear, orthogonally polarized antenna. The Cellular Sub-Team agreed that a cellular GPS receiver would  receive a power corresponding to -25 dBm corresponding to -20 dBm reported in the field owing to 5 dB antenna coupling loss.  
] 


The field trials show that in open terrain, free space propagation can sometimes hold but, more frequently, the received power will have a median level that is less than that predicted by the WILOS model. The following is an example provided from the TWG Report for a suburban area (Section 3.2.9.8 in [3]).
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Figure 2‑4: Power on the Ground at a site (suburban, tower height 17m) (Figure 3.2.23 in [3])

The above diagram shows received Ligado signal power (RSSI values) measured at ground level, at various distances from the transmit site, with a vertical monopole antenna mounted on a van [details are provided in TWG Final Report, Appendix C3]. Each point is a power measurement averaged over 20 milliseconds. The dots of different colors indicate the power for different carriers (upper 5 MHz and lower 5 MHz). The two continuous lines indicate the predicted power levels for LOS (Line Of Sight) and WILOS (Walfisch Ikegami Line Of Sight) models, taking into account the elevation pattern of the antenna used.

The scatter plot shows that there are occasional high values that exceed the WILOS or even the Free Space models. Some of these high values are probably the peaks of Rayleigh fading multipath and others may be local mean hotspots created by a very clear line of sight to the base station antenna. Unless the user is completely stationary, the adjacent band interference will present itself as a Rayleigh fading signal and the mean value will be no more than that predicted by the WILOS model and, often, will be much lower. Because the TWG testing was limited to constant power Ligado signals, it presents an unrealistically conservative picture; in a practical, mobile use case, the highest power levels in the above graph will not be presented constantly to the GPS receiver. 

It should be further noted that most of these measurements were performed in open areas relative to the base station antenna and for a relatively low antenna height (16.8 m). In urban and dense urban areas, where significant blockage will exist relative to the propagation of the base station signal, lower power levels will be much more typical. The following example from [3], is for a 71.8 m base station antenna in a dense urban setting.
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Figure 2‑5: Reported Field Data for a site (dense urban, tower height 72 m) (Figure 3.2.27 in [3])

The Las Vegas results are consistent with independent analysis done by Ligado using standard propagation modeling tools. In the Washington, DC market, the WILOS model shows that signal strength in excess of -25 dBm would occur in roughly 1.2% of the coverage area. This model assumes a diffraction/multipath induced loss greater than free space propagation but no blockage.  

With the new 39.8 dBm EIRP limit, the predicted signal strength is going to be below the susceptibility threshold for all TWG lab tests for all practical deployment scenarios.

[image: ]
Figure 2‑7: Market level prediction of area with signal strength in excess of -25 dBm using WILOS model (Figure 3.3.2 in [3])

In order to most accurately predict signal propagation in a real world environment, it is appropriate to use more sophisticated models, such as the Korowajczuk model, which account for the actual morphology (i.e, blockages) of a given market. The analysis presented here used the Korowajczuk model tuned for L-band propagation in the Washington, DC area and the actual transmitter sites planned for the Ligado deployment. It shows that signal strength in excess of -25 dBm will occur in about 0.1% of the coverage area of the Washington, DC market and signal strength in excess of -30 dBm will occur in no more than 0.4% of the area.
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Figure 2‑8: Market level prediction of area with signal strength in excess of -25 dBm using Korowajczuk model (Figure 3.3.3 in [3])

Observation 3: The tests performed in 2011 were with 62 dBm EIRP configuration for the Band 24 Base Station transmitter and showed that the performance of cellular devices was unlikely to be affected .  FCC has further restricted operation of Band 24 in 1526 – 1536 MHz to a maximum EIRP of 39.8 dBm.  With this 22 dB reduction in the EIRP, the PoG from the Band 24 will be substantially below the handset susceptibility threshold of -25 dBm in all practical deployment scenarios.

Observation 4: All of this analysis performed by TWG was without regard to the cellular triangulation function and other capabilities as identified in TS 36.305 that provides an independent basis for position location when GPS is unavailable and in most mobile phones takes over automatically if a quality metric of the GPS positioning report is deemed too low. So, even in the truly extraordinary case in which a mobile phone is one of the few that is susceptible to interference in a tiny percentage of the Ligado coverage area and the device experiences interference at a level significant enough to affect its accuracy by more than 50 meters, the cellular assist capability will be triggered and restore required accuracy.

Conclusions Presented to the FCC
The following conclusions were presented to the FCC with respect to GPS in cellular devices:

TWG Report [3]

Section 3.2.10
(Compared to the upper 5 and 10 MHz DL channels,) 

“Susceptibility test when using Ligado‘s lower 5 and 10 MHz carriers yielded different susceptibility results (field power propagation results attributable to slight differences in the transmitter  frequency  were  deemed  insignificant). Two of the nine UMTS devices tested exceeded the limit of the test system (-10dBm).

Consensus was reached that the Lower 10 MHz operation appears to provide significantly improved compatibility with GPS across all urban, suburban, and rural coverage areas.” (emphasis added by Ligado)

Section 3.2.13 Summary of Live Sky Testing by LightSquared and TechnoCom Wireless   (PDF page 121) in [3]

“In the case of the single lower channel (5L), there was no observable differential impact between the presence and absence of blocker power at any of the four live sky test sites (emphasis added by Ligado).  In the dense urban test Site #217, which was the “coldest” test site in terms of power on the ground,  there were many inaccurate fixes both with and without the blocker present, not atypical for urban environments where physical blocking due to buildings occurs. Due to these effects, these results were most likely owe to an insufficient number of satellites visible with an adequate signal level, and in other cases effects of multipath in the vicinity of test Site #217. 

Live sky in-building results showed, across all channel configurations, little or no systematic degradation for position error frequencies of both 25m and 50m (emphasis added by Ligado) in the presence of the blocker signal. It therefore may be concluded that for indoor cases the blocker was additionally attenuated such that its effect was not noticeable.”

Section 3.2.2.3.1 Statement by Qualcomm regarding the TWG Cellular Subgroup Testing Process in [3]
“Qualcomm has reviewed the TWG test results. Qualcomm’s internal testing is more limited than the extensive scope of the TWG testing, but given that, the results are broadly consistent with testing carried out by Qualcomm (emphasis added by Ligado) so far on our own reference designs. As described in our report to the FCC, we have used a different test configuration than the one called out in the TWG test plan; however at this time we do not believe these differences influence the overall conclusion.”

Department of Commerce on Behalf NTIA Letter to FCC Dated 2/14/2012 [4]

“Cellular GPS Receivers
NTIA, with Ligado, developed a plan to validate the TWG measurements of GPS receivers used in cellular devices. Two independent test laboratories performed the validation measurements off our devices previously tested by the TWG, along with three new devices. To measure the base station power level that caused GPS receiver degradation, the measurements followed industry-specified test procedures and performance metrics for cellular devices. The power levels measured in the validation testing were consistent with those measured earlier by the TWG. NTIA used the measured power levels, an equivalent isotropically radiated power (EIRP) level of 62 dBm, a representative base station antenna pattern, and base station deployment parameters (antenna height and down-tilt angle) to calculate distance separations necessary to preclude potential interference to GPS receivers used in cellular devices. Based on our analysis, we conclude that the lower 10 MHz base station signal does not significantly impact GPS receivers used in cellular devices (emphasis added by Ligado).”

Report to NTIA on November 2011 Laboratory Tests of Selected Cellular Devices 11/29/2011 [5]

The following is supplement to the initial TWG cellular testing as requested by government stakeholders and which confirms the initial findings of no issues with lower 10 MHz band.
 
“Conclusions
These latest tests show no material change and reinforce the results obtained in the TWG testing performed earlier this year. Consistent with the TWG Report findings, the impact of LTE transmit power at the lower 10Mhz band, 1526-1536 MHz, on GPS operation in cellular devices is minimal or nonexistent if LTE power by site design and EIRP is managed to not exceed -30dBm on the ground (emphasis added by Ligado). An error in the baseline test for Suite 2.4.1.2, the +1 dB desensitization test, was discovered at the anechoic test lab, ETS Lindgren. This was subsequently corrected for the UMTS devices tested, but reveals no other systematic or material differences once corrected.

Overall, the test results are largely unchanged for the UMTS devices as seen in Table I above. For CDMA devices that were 100% conducted tests, finer granularity was obtained simply by decreasing the step size of the interference signal to obtain finer test results than using the original and somewhat coarse 5 dB step size between pass and fail consecutive test trial sets. Based on the finer measurement granularity the average improvement was just over 3 dB in reported susceptibility for the selected CDMA devices using the finer 1 dB step size.”

Observation 5: For base stations operating at 62 dBm EIRP, TWG concluded in its executive summary to FCC that “the current test data and analysis to date indicates that operations in the lower bands (1526 to 1536 MHz) may be possible without harmful interference to existing cellular GPS devices.”  Under the current rules, Ligado will be operating its base stations at maximum downlink EIRP of 39.8 dBm and will therefore make the possibility of harmful interference unlikely.

Observation 6: For base stations operating at 62 dBm EIRP, DOC/NTIA concluded “Based on our analysis, we conclude that the lower 10 MHz base station signal does not significantly impact GPS receivers used in cellular devices.”  Under the current rules, Ligado will be operating its base stations at maximum downlink EIRP of 39.8 dBm and will therefore make the possibility of harmful interference unlikely.

Observation 7: Results of supplemental testing requested by NTIA show no material change and reinforce the results obtained in the TWG testing performed earlier this year. Consistent with the TWG Report findings, the impact of LTE transmit power at the lower 10 MHz band, 1526-1536 MHz, on GPS operation in cellular devices is minimal or nonexistent if LTE power by site design and EIRP is managed to not exceed -30dBm on the ground.”

Roberson Associates Testing (2016) for Cellular Devices
In 2016, Roberson and Associates, with the assistance of testing and technical support professionals, undertook another testing campaign to rigorously assess whether Ligado’s proposed terrestrial broadband operations would cause “harmful interference” to GPS devices.  The testing included 2 cellular devices with capability to make E911 phone calls: Samsung Galaxy S model handsets, the S5 and S6 [6]. 

Scope relative to E911 on cellular devices
RAA performed three tests defined in 3GPP Specification TS 37.571-1, which measure device sensitivity, accuracy, and dynamic range. Success in these tests is defined by the Specification as the device limiting two-dimensional position error and maximum response time below certain thresholds under defined conditions at least 95% of the time. The 3GPP tests require the device to make phone calls and respond to requests to report position.  

RAA tested with LTE power levels up to -10 dBm (measured at the GPS device), even though this level is not expected to be observed with any meaningful probability in a commercially deployed system with Ligado’s proposed terrestrial broadband operating parameters.

Observation 8: RAA tested the cellular devices at power levels of -20 and -10 dBm which, based on analysis submitted as part of the TWG report, is significantly higher than cellular devices would experience on the ground with the FCC’s 39.8 dBm EIRP limit on Ligado’s Band 24 license.

Test Methodology
Industry-standard KPIs for GPS performance in cellular devices are set by the 3GPP.  RAA performed three tests defined in 3GPP Specification TS 37.571-1, which measure device sensitivity, accuracy, and dynamic range. Success in these tests is defined by the Specification as the device limiting two-dimensional position error and maximum response time below certain thresholds under defined conditions at least 95% of the time. The 3GPP tests require the device to make phone calls and respond to requests to report position. 

The A-GPS (assisted-GPS) conformance tests were the one’s developed and approved by the 3GPP, the internationally recognized standards group for among other things testing cellular devices.  These methods were adapted to test the Samsung S5 and S6. The RAA A-GPS tests were performed in an RF chamber under radiated conditions. 

The controller used for 3GPP A-GPS tests was a Spirent 8100 LTE Test System. The specific test procedures were implemented in software and configuration modules provided by the controller manufacturer. The procedures involved performing many trials in order to establish statistics regarding the success rate for the different tests. Location requests and responses were sent and received by the controller over a separately established 900 MHz GSM link. Test GSM SIM cards were used in the devices under test to allow them to work with the controller in GSM mode. The GPS signals were simulated using a Spirent 8000 under the control of the Spirent 8100.

Each of the devices underwent a calibration procedure individually, since the tests were performed under radiated conditions.

Two LTE levels were applied, -10 dBm and -20 dBm, to see if an impact due to LTE could be observed. Baseline performance was established by testing with no LTE signals present, i.e., GPS only.

The Spirent 8100 LTE Test System produced Excel files with details for each trial including assessment of whether each individual trial was a success or a failure.

3GPP Sensitivity Test
The goal of the 3GPP sensitivity test is to determine the GPS signal level in dBm where the device is still capable of reporting device location to within 100 meter, with a response time under 20 seconds, with a 95% success rate. The 3GPP sensitivity test is described in section 7.1 in 3GPP TS 37.571-1. One GPS satellite signal is set to -142 dBm and the remaining 7 satellite powers are adjusted down, and up in signal strength, if necessary, in 0.5 dB steps using a search procedure until a 95% success rate is achieved.

This test procedure differs from that reported in the TWG cellular device report. In that report the first satellite was also set to -142 dBm while the remaining 7 satellite powers were set to -147 dBm. During the test LTE power level was increased from a low level until impact was observed and the impact causing power level was recorded for each device.

3GPP Accuracy Test
The goal of the accuracy test is to verify that the device location reports meet the 3GPP accuracy requirements in TS 37.571-1 section 7.2. The goal is to demonstrate better than 30 meter location accuracy in under 20 seconds with a 95% success rate. All 8 GPS satellites are simulated with a power level of -130 dBm.

3GPP Dynamic Range Test
The goal of the 3GPP dynamic range test is to verify that device location reports are accurate to within 100 meters within 20 seconds with a 95% success rate. During this test, 6 satellites are simulated with satellite powers ranging from -127 dBm to -142 dBm.  This test is described in section 7.3 of 3GPP TS 37.571-1. The test procedure involved alternating locations and requesting a location report for each trial. The dynamic range test also gives an indication of re-acquisition lock time. Thisis because the location alternated between Melbourne, Australia and Atlanta, Georgia for each trial and the device had to re-acquire lock during each and every trial.

Results
As depicted in Figures below, both cellular devices tested maintained their baseline GPS position accuracy in the presence of received signals at much higher power than that expected Ligado’s proposed DL operation at 39.8 dBm EIRP.   
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Figure 2‑9:  Samsung Galaxy S5 A-GPS results from RAA Test Report
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Figure 2‑10: Samsung Galaxy S6 A-GPS results from RAA Test Report


Observation 9: Comparing the performance of the Galaxy S6 with its predecessor, the S5, shows that cellular GPS devices’ performance, which already is highly robust, continues to improve.  This is consistent with the fact that cellular devices include multiple transmitters and receivers (cellular in multiple bands, Bluetooth, Wi-Fi, etc.) collocated with the GPS receiver, which necessitates a design tolerant of other signals.

Conclusions Presented to the FCC
RAA concluded that “Ligado’s proposed LTE deployment is clearly compatible with existing GPS operations as implemented by leading device manufacturers. Specifically, we found that the cellular and general location devices we tested were generally unaffected by Ligado’s proposed operations under virtually all conditions (emphasis added by Ligado).” RAA’s testing report summary is available on PDF page 20 in [6].

Summary and Conclusions
On the basis of substantial technical material on record in dockets 11-109 and 12-340, the following observations can be made related to impact of Band 24 DL transmissions on the ability of cellular devices to meet E911 requirements:

Observation 1: The nominal accuracy test specified in section 5.2 of TS 34.171 specify a minimum requirement of less than 100 meters, 95% of the time.  A device conforming to nominal accuracy test specified in TS 34.171 was expected to meet the E911 requirement

Observation 2:  During the measurement campaign, TWG was cognizant of FCC’s E911 related accuracy and reliability requirements as is evident from section 3.2.3.1.1 in [3].  

Observation 3: The tests performed in 2011 were with 62 dBm EIRP configuration for the Band 24 Base Station transmitter and showed that the performance of cellular devices was unlikely to be affected.  FCC has further restricted operation of Band 24 in 1526 – 1536 MHz to a maximum EIRP of 39.8 dBm.  With this 22 dB reduction in the EIRP, the PoG from the Band 24 will be substantially below the handset susceptibility threshold of -25 dBm in all practical deployment scenarios.

Observation 4: All of this analysis performed by TWG was without regard to the cellular triangulation function and other capabilities as identified in TS 36.305 that provides an independent basis for position location when GPS is unavailable and in most mobile phones takes over automatically if a quality metric of the GPS positioning report is deemed too low. So, even in the truly extraordinary case in which a mobile phone is one of the few that is susceptible to interference in a tiny percentage of the Ligado coverage area and the device experiences interference at a level significant enough to affect its accuracy by more than 50 meters, the cellular assist capability will be triggered and restore required accuracy.

Observation 5: For base stations operating at 62 dBm EIRP, TWG concluded in its executive summary to FCC that “the current test data and analysis to date indicates that operations in the lower bands (1526 to 1536 MHz) may be possible without harmful interference to existing cellular GPS devices.” Under the current rules, Ligado will be operating its base stations at maximum EIRP of 39.8 dBm.

Observation 6: For base stations operating at 62 dBm EIRP, DOC/NTIA concluded “Based on our analysis, we conclude that the lower 10 MHz base station signal does not significantly impact GPS receivers used in cellular devices.” Under the current rules, Ligado will be operating its base stations at maximum EIRP of 39.8 dBm.

Observation 7: Results of supplemental testing requested by NTIA show no material change and reinforce the results obtained in the TWG testing performed earlier this year. Consistent with the TWG Report findings, the impact of LTE transmit power at the lower 10MHz band, 1526-1536 MHz, on GPS operation in cellular devices is minimal or nonexistent if LTE power by site design and EIRP is managed to not exceed -30dBm on the ground.”

Observation 8: RAA tested and found compatibility with cellular devices at receive power levels of -20 and -10 dBm which, based on analysis submitted as part of the TWG report, is significantly higher than cellular devices would experience on the ground with the FCC’s 39.8 dBm EIRP limit on Ligado’s Band 24 license.

Observation 9: Comparing the performance of the Galaxy S6 with its predecessor, the S5, shows that cellular GPS devices’ performance, which already is highly robust, continues to improve.  This is consistent with the fact that cellular devices include multiple transmitters and receivers (cellular in multiple bands, Bluetooth, Wi-Fi, etc.) collocated with the GPS receiver, which necessitates a design tolerant of other signals.
Substantial technical data and material on record in Dockets 11-109 and 12-340 show that cellphone GPS receivers would have been compatible  with base station transmissions at 62 dBm EIRP in 1526 – 1536 MHz band and would have been able to meet E911 requirements based on the 2011 TWG test campaign.  With additional 22 dB reduction in the Base Station EIRP mandated by the FCC in the 2020 Order, it can be concluded with even greater confidence that the performance of the E911 calls, in accordane with FCC rule 47 C.F.R §9.10, will be unaffected by Band 24/n24 DL transmissions in 1526 – 1536 MHz frequency range.
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