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Executive Summary

Since 1999 the WAAS Test Team at the William J. Hughes Technical Center has reported GPS performance as
measured against the GPS Standard Positioning Service (SPS) Signal Specification. These quarterly reports are
known as the PAN (Performance Analysis Network) Report. In addition to that report, the WAAS Test Team
reports on the performance of the Wide-Area Augmentation System (WAAS). This report is the thirty-ninth such
WAAS quarterly report. This report covers WAAS performance during the period from October 1, 2011 to
December 31, 2011.

The following table shows observations for accuracy and availability made during the reporting period for CONUS
and Alaska sites. The international sites are excluded from this table, but are included in the body of the report. See
the body of the report for additional results in accuracy, availability, safety index, range accuracy, WAAS broadcast
message rates, and GEO ranging availability. LP service is available when the calculated Horizontal Protection
Level (HPL) is less than 40 meters. LPV service is available when the calculated HPL is less than 40 meters and the
Vertical Protection Level (VPL) is less than 50 meters. LPV 200 service is available when the calculated HPL is
less than 40 meters and the VPL is less than 35 meters. Please note that the accuracy results in the table below are
calculated when the VPL is less 50 meters for vertical and HPL is less than 40 meters for Horizontal.

Parameter CONUS CONUS Alaska Alaska
Site/Maximum Site/Minimum Site/Maximum Site/Minimum
95% Horizontal Accuracy Grand Forks Kansas City Barrow Bethel
1.713 meters 0.62 meters 0.866 meters .61 meters
95% Vertical Accuracy Miami Minneapolis Barrow Juneau
1.901 meters 0.829 meters 1.794 meters 1.129 meters
LP
Availability Los Angeles Miami Barrow Juneau
(HPL <= 40 meters) 99.81% 99.36% 99.53% 99.45%
LPV
Availability Los Angeles Miami Fairbanks Barrow
(HPL <= 40 meters & 99.71 99.32% 99.51% 99.31%
VPL <= 50 meters)
LPV 200
Availability Albuquerque Arcata Fairbanks Cold Bay
(HPL <= 40 meters & 99.57% 96.34% 99.46% 91.42%
VPL < =35 meters)
99% HPL Miami Memphis Cold Bay Anchorage
21.60 meters 12.28 meters 29.05 meters 14.68 meters
99% VPL Arcata Memphis Barrow Juneau
39.40 meters 21.00 meters 41.41 meters 24.72 meters
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1.0 INTRODUCTION

The FAA began monitoring GPS SPS performance in order to ensure the safe and effective use of the satellite
navigation system in the National Airspace System (NAS). The Wide Area Augmentation System (WAAS) adds

more timely integrity monitoring of GPS and improves position accuracy and availability of GPS within the WAAS
coverage area.

Obijectives of this report are:
a. To evaluate and monitor the ability of WAAS to augment GPS by characterizing important performance
parameters.
b. To analyze the effects of GPS satellite operation and maintenance, and ionospheric activity on the WAAS
performance.
c. To investigate any GPS and WAAS anomalies and determine their impact on potential users.
d. To archive performance of GPS and WAAS for future evaluations.

The WAAS data transmitted from Geostationary satellites (GEO) PRN#135 (CRW), PRN#138 (CRE) and PRN#133
(AMR) are used in the evaluation. CRE and CRW GEOs provide a precision approach (PA) ranging capability that

supports all levels of WAAS service. AMR GEO provides a non-precision approach (NPA) ranging service starting
10/20/11 after Release 3A upgrade.

The terms "PA" and "NPA" are used in this report to refer to the two modes of user equipment operation. PA and

NPA are terms used in the original WAAS specification, FAA-E-2892. See Table 1-1 for a mapping of these terms
to the user service levels.

Receivers in PA mode are required to: use all WAAS corrections, use only corrected satellites, not mix corrections
from multiple GEOs, only use the designated Space Based Augmentation System (SBAS) for the published
approach procedure, and not use ranging from a GEO having a User Differential Range Error (UDRE) status of
greater than 15 meters. Receiver in NPA mode may: mix corrected and uncorrected satellites, mix corrections from
different GEOs or SBASs, use either the WAAS ionosphere corrections or the GPS Klobachar model for ionosphere
corrections, and use ranging from GEOs that have a UDRE status of greater than 15 meters. NPA mode receivers
may also operate using Fault Detection / Fault Detection Exclusion (FD/FDE) in the absence of a SBAS. The data
presented in this report does not take credit for the additional NPA mode availability and continuity provided by the
use of FD/FDE, whether full FD/FDE or partial FD/FDE used to allow the mixing of corrected and uncorrected

satellites. The NPA accuracy data presented in this report uses Klobachar ionosphere corrections in order to be
conservative.

The results in this report are based on the application of the WAAS corrections to receiver data from the WAAS
receiver network and receivers of the FAA's National Satellite Test Bed (NSTB) network and from analysis based
on the correction data broadcast by WAAS. Table 1.2 lists the receivers used in the PA analyses. Table 1.3 lists the
receivers used in the NPA analyses.

Table 1-1 WAAS Service Levels

User Service NPA or PA | WAAS Protection Levels
RNP 0.3 NPA HPL <= 0.3 nmi
RNP 0.1 NPA HPL <= 0.1 nmi
LNAV NPA HPL <= 556 m
LNAV/VNAV PA HPL <=556 m
VPL<=50m
LP PA HPL <=40m
LPV PA HPL <=40m
VPL <=50m
LPV200 PA HPL <=40 m
VPL<=35m
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Number of Days Evaluated

Number of Samples

NSTB:

Arcata 84 7236209
Grand Forks 88 7567192
Oklahoma City 89 7724197
WAAS:

Albuquerque 92 7946876
Anchorage 92 7946471
Atlanta 92 7946570
Barrow 92 7944785
Bethel 91 7859744
Billings 92 7945593
Boston 92 7945317
Chicago 92 7946443
Cleveland 92 7943567
Cold Bay 92 7945993
Dallas 92 7931502
Denver 92 7939704
Fairbanks 92 7946933
Gander 92 7946947
Goose Bay 92 7936734
Houston 92 7944837
Igaluit 92 7943359
Jacksonville 92 7948738
Juneau 92 7938799
Kansas City 92 7946114
Kotzebue 92 7946174
Los Angeles 92 7946637
Memphis 92 7941693
Merida 92 7944755
Mexico City 92 7945581
Miami 92 7918719
Minneapolis 92 7947075
New York 92 7944232
Oakland 92 7945160
Puerto Vallarta 92 7933612
Salt Lake City 92 7946327
San Jose Del Cabo 91 7843029
Seattle 92 7946406
Tapachula 73 6298675
Washington DC 92 7946722
Winnipeg 92 7946733
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Table 1-3 NPA Sites
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Location Number of Days Evaluated Number of Samples
Albuguerque 92 7946645
Anchorage 92 7946100
Atlanta 92 7943408
Barrow 92 7944664
Bethel 91 7900924
Billings 92 7943334
Boston 92 7940572
Cleveland 92 7945814
Cold Bay 92 7945548
Fairbanks 92 7925783
Gander 92 7946676
Honolulu 92 7946318
Houston 92 7946623
Igaluit 92 7944841
Juneau 92 7940228
Kansas City 92 7939821
Kotzebue 92 7946588
Los Angeles 92 7944621
Merida 92 7934047
Miami 92 7946700
Minneapolis 92 7946856
Oakland 92 7942780
Salt Lake City 92 7946100
San Jose Del Cabo 92 7945522
San Juan 19 1615791
Seattle 92 7944742
Tapachula 73 6314241
Washington DC 92 7946564

The report is divided in the performance categories listed below. This report also includes WAAS LPV and LPV
200 Service Availability at Selected Airports, WAAS Deterministic Code Noise and Multipath (CNMP) Bounding
Analysis, WAAS reference station survey validation and SQM type and PRN bias monitoring.

RN S

WAAS Position Accuracy

WAAS Operational Service Availability

Coverage
Integrity

WAAS Range Domain Accuracy

GEO Ranging Performance

Table 1.4 lists the performance parameters evaluated for the WAAS in this report. Please note that these are the
performance parameters associated with the WAAS system. These requirements are extracted from the FAA

Specification FAA-E-2892C and FAA Specification FAA-E-2976, as applicable.
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Table 1-4 WAAS Performance Parameters

Performance Parameter

Expected WAAS Performance

LPV Accuracy Horizontal

<1.5m error 95% of the time

LPV Accuracy Vertical

< 2m error 95% of the time

LNAV Accuracy Horizontal

< 36m error 95% of the time

Availability LPV CONUS

99% availability of 100% of CONUS

Availability LPV Alaska

95% availability of 75% of Alaska

Auvailability LNAV CONUS

99.99% availability with HPL <556m

Availability LNAV Alaska

99.9% availability with HPL < 556m

Auvailability En route OCONUS

99.9% availability with HPL < 2nmi

Probability of Hazardously Misleading

< 10e-7 per approach

Information (HMI)
* Instantaneous availability (i.e. Availability is calculated every second.)

1.1 Event Summary

Table 1.5 lists test events that occurred during the reporting period that affected WAAS performance or the ability to
determine the WAAS performance. These events include GPS or WAAS anomalies, relevant receiver malfunctions,
and receiver maintenance conducted. Detailed analyses of particular events are documented in the Discrepancy
Reports (DR). The DRs are posted on the website http://www.nsth.tc.faa.gov under “WAAS Technical Reports’ and
can also be accessed via hyperlink from Table 1.5 below.

Table 1.6 lists events related to WAAS upgrades that happened this quarter. Table 1.7 lists events related to GUS
switchovers. A GUS switchover is the transition from one uplink site to the other uplink site for a GEO. The
switchovers result in an approximately 14 second gap in data and require the users to reacquire the set of corrections
from that GEO. Re-collecting the set of corrections can take up to 5 minutes depending on where the switch occurs
in the 5 minute ionosphere corrections update cycle.

Table 1-5 Test Events

Start End Date Location/ Service Affected Event Description
Date Satellite
09/30/11 10/03/11 PRNS8 LPV_Mexico, Unplanned Maintenance NANU 2011084,
LPV200_CONUS,
LPV200_Alaska,
LPV200 Canada
10/02/11 10/02/11 PRN135 LPV200_CONUS, | Satellite maneuver was not entered. High
LPV200_Alaska UDRE values caused low service TOW
52780-55819.
10/03/11 10/03/11 GEO138, LPV200 _CONUS | GUS manual switchover for maintenance,
Brewster Brewster to Woodbine. Service was affected
(BRE-B) for 10/3/11 to 10/4/11 TOW 115221-115226.
10/05/11 10/09/11 Washington LPV_Alaska, High GIVE values affected Canada, Alaska,
D.C. (C&V), LPV_Canada, and Mexico LPV and LPV200 all 5 days.
Los Angeles LPV_Mexico, Affected CONUS LPV200 Oct 8 and Oct 9.
(C&V), LPV200_CONUS,
Atlanta (C&V) | LPV200 Alaska,
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Start End Date Location/ Service Affected Event Description
Date Satellite
LPV200_Canada,
LPV200 Mexico
10/06/11 10/07/11 All Receivers | LPV_CONUS LPV outages in California. Unexpected 4
minutes LPV outage occurred on the West
coast (California). Increase of VPL to about
54 m (daily VPL at that time is around 47 m)
was caused by IGP (40, -135) GIVE value.
10/07/11 10/08/11 Washington Alaska, UDRE values spiked on several satellites at
D.C. (C&V), LPV200 _CONUS | the same time on all 3 GEOs. There were no
Los Angeles alerts issued. These spikes caused short (less
(C&V), than two minutes) outages for LP, LPV and
Atlanta (C&V) LPV200 in Alaska, and LPV (California) and
LPV200 (California and Arizona) outages in
CONUS.
10/13/11 10/13/11 GEO138, LPV200_CONUS, | GUS manual switchover - Woodbine to
Woodbine LPV200_Alaska, Brewster TOW 348635-348640.
(QWE) LPV200 Canada
10/14/11 10/14/11 PRN1 World Wide PRN 1 (SVN 32) initially usable provided
increased coverage in Alaska.
10/19/11 10/19/11 San Juan Mexico Facility upgrade required WRS to be taken out
(ZSU1), San of service.
Juan (ZSU2),
San Juan Taking this WRS out of WAAS system has
(ZSU3) caused low service in the Caribbean, and
Mexico. Also affected Miami LPV200
coverage.
10/20/11 10/28/11 Washington All Software upgrade to 3A installation. This
D.C. (C&V), software upgrade supports AMR NPA
Los Angeles ranging, improves iono storm detection and
(C&V), SQM processing.
Atlanta (C&V)
10/21/11 10/22/11 Washington All Failed planned software upgrade caused C&V
D.C. (C&V), software to reset. This caused a ~4 hour
Los Angeles service outage from 14:27 GMT to 18:40
(C&V), GMT.
Atlanta (C&V)
10/22/11 was also affected as the UDRE and
GIVE values were elevated following the
event. See DR#105 Software Upgrade 3A
C&V Failure.
10/23/11 10/23/11 Washington LPV_Alaska, Numerous IGPs went to storm state affecting
D.C. (C&V), LPV_Canada, Alaska and Canada.
Los Angeles LPV200_Alaska,
(C&V), LPV200_Canada
Atlanta (C&V)
10/24/11 10/25/11 Washington LPV_AII, Kp index of 7. Large Geomagnetic storm
D.C. (C&V), LPV200_All caused a large number of GIVE monitor trip.
Los Angeles
(C&V),
Atlanta (C&V)
10/27/11 10/27/11 GEO138, LPV200_CONUS, | GUS manual switchover, Brewster to
Brewster LPV200_Alaska Woodbine. Elevated UDRE values caused
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Start End Date Location/ Service Affected Event Description
Date Satellite
(BRE-B) LPV200 coverage drop on eastern coast for
October 27th and October 28th. TOW 374464-
374469.
10/28/11 10/28/11 GEO135, LPV200_CONUS, | Napa SGS clock (PNE) - Phase/Freq jump
NAPA (APC) | LPV200_Alaska resulted in 2s gap and UDRE values
degradation. TOW 478965-478968.
11/01/11 11/01/11 GEO138, LPV200_CONUS, | GUS manual switchover, Woodbine to
Woodbine LPV200_Alaska Brewster TOW 201659-201664.
(QWE)
11/01/11 11/01/11 Washington LPV200_CONUS, | Kpindex of 5. GIVE monitor trips caused low
D.C. (C&V), LPV200_Alaska service in Alaska and CONUS.
Los Angeles
(C&V),
Atlanta (C&V)
11/02/11 11/02/11 PRN138 LPV200_CONUS, | Satellite maneuver was not entered. High
LPV200_Alaska UDRE values caused low service. TOW
294708-298527 (14-15).
11/03/11 11/04/11 GEO135, LPV200_CONUS, | GUS manual switchover - Napa to Littleton
NAPA (APC) | LPV200_Alaska TOW 374483-374488.
11/03/11 11/30/11 Washington LPV_All, UDRE spikes caused service outage. Ongoing
D.C. (C&V), LPV200_All issue. Spikes were coming from RDM
Los Angeles monitor bumping. See DR#106 UDRE spikes
(C&V), Lead to Reduced WAAS Availability.
Atlanta (C&V)

11/04/11 11/04/11 PRN135 LPV200_CONUS | PRN 135 UDRE values increased from 11 to
15. TOW 462780-466527. Known behavior
after software upgrade 3A.

11/10/11 11/10/11 PRN4 LPV_CONUS, NANU 2011090.

LPV200_CONUS,
LPV200 Alaska
11/18/11 11/18/11 PRN32 LPV200_CONUS, | NANU 2011092.
LPV200_Alaska
11/23/11 11/23/11 PRN31 None, NANU 2011094. Unexpected short LPV200
LPV200_CONUS, | outages in CONUS and Alaska were caused
LPV200_Alaska by NANU on PRN 31 (from 2:42 to 9:35
GMT).
11/26/11 11/26/11 GEO135, Alaska, GUS switchover, Littleton faulted. Receiver
Littleton LPV200_CONUS | SCAF. LPV200 CONUS affected from ~21:59
(APA) to ~22:08. TOW 595097-595112.
11/30/11 11/30/11 PRN20 LPV_CONUS, NANU 2011097.
LPV_Alaska,
LPV200_CONUS,
LPV200 Alaska
12/04/11 12/13/11 PRN30 LPV200_Alaska NANU 2011102.
12/15/11 12/15/11 GEO138, LPV_Alaska, GUS manual switchover, Brewster to
Brewster LPV200_Alaska Woodbine TOW 374653-374658. UDRE
(BRE-B) value for PRN138 was elevated after the

switchover and equal to 11. NANU on
PRN25. Both events contributed to the loss of
the coverage for LPV and LPV200 in CONUS
and Alaska.
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Start End Date Location/ Service Affected Event Description
Date Satellite
12/15/11 12/15/11 PRN25 LPV_Alaska, NANU 2011104.
LPV200_CONUS,
LPV200 Alaska
12/19/11 12/19/11 Honolulu Local L2 interference on all threads at Honolulu. L1
(HNL1), was not affected therefore no service outage.
(HNL2), See DR#108 Interference at Honolulu.
(HNL3)
12/19/11 12/20/11 PRN25 LPV200_CONUS, | NANU 2011106.
LPV200_Alaska
12/28/11 12/28/11 Washington LPV200_Alaska Coverage drop due to elevated GIVE values
D.C. (C&V), which went to the storm state at around 14:00
Los Angeles and 16:00 GMT. Coordinates for the storm
(C&V), state IGPs are (65,-160) and (60,-165).
Atlanta (C&V)

12/29/11 01/04/12 GEO135 LPV200_Alaska This event encapsulates behavior from GEO
135 that has happened from December 29
2011 through January 4 2012, and also on
December 6 2011. TOW 303160-344510
Total of 17 seconds missing in this time period
for Jan 4. Continued hardware failure. See
DR#107 CRW Oscillator Failure.

12/30/11 12/30/11 PRN135 LPV200_Alaska TOW 442591-444508 (11-15).

12/30/11 12/30/11 GEO135 LPV200_Alaska Satellite hardware failure. TOW 348579-
442516. Total 7 seconds missing over this
time period.

12/31/11 12/31/11 GEO135, LPV_Alaska, GUS manual switchover, Napa to Littleton.

NAPA (APC) | LPV200_Alaska Many missed messages due to suspected bad
USO (Universal Stable Oscillator) onboard
CRW-135. Switchover done to rule out that
the problem is GUS-related. TOW 593121-
593126. Trouble shooting for the missed
messages that occurred.
Table 1-6 WAAS Upgrades
START DATE | END DATE EVENT DESCRIPTION
10/20/2011 10/28/2011 | Software upgrade 3A installation started on October 20. Improve lono storm
detection, add AMR NPA ranging, and a fix to SQM processing.
10/21/2011 10/22/2011 | Failed planned software upgrade caused C&V software to reset. This caused a
~4 hour service outage from 14:27 GMT to 18:40 GMT.
10/22/11 was also affected as the UDRE and GIVE values were elevated
following the event.
11/05/2011 11/05/2011 | Merida WRS software upgrade to Release 3A (W6.097L)
11/05/2011 11/05/2011 | lgaluit WRS software upgrade to Release 3A (W6.097L)
11/06/2011 11/06/2011 | Mexico City WRS software upgrade to Release 3A (W6.097L)
11/06/2011 11/06/2011 | Gander WRS software upgrade to Release 3A (W6.097L)
11/07/2011 11/07/2011 | Kansas City WRS software upgrade to Release 3A (W6.097L)
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START DATE | END DATE EVENT DESCRIPTION
11/07/2011 11/07/2011 | Honolulu WRS software upgrade to Release 3A (W6.097L)
11/08/2011 11/08/2011 | Barrow WRS software upgrade to Release 3A (W6.097L)
11/09/2011 11/09/2011 | Jacksonville WRS software upgrade to Release 3A (W6.097L)
11/09/2011 11/09/2011 | Los Angeles WRS software upgrade to Release 3A (W6.097L)
11/10/2011 11/10/2011 | Washington DC WRS software upgrade to Release 3A (W6.097L)
11/11/2011 11/11/2011 | Winnipeg WRS software upgrade to Release 3A (W6.097L)
11/11/2011 11/11/2011 | Goose Bay WRS software upgrade to Release 3A (W6.097L)
11/12/2011 11/12/2011 | San Jose Del Cabo WRS software upgrade to Release 3A (W6.097L)
11/13/2011 11/13/2011 | Tapachula WRS software upgrade to Release 3A (W6.097L)
11/14/2011 11/14/2011 | Chicago WRS software upgrade to Release 3A (W6.097L)
11/14/2011 11/14/2011 | Puerta vallarta WRS software upgrade to Release 3A (W6.097L)
11/15/2011 11/15/2011 | Albuquerque and Miami WRS software upgrade to Release 3A (W6.097L)
11/16/2011 11/16/2011 | Anchorage, Minneapolis, and NY WRS software upgrade to Release 3A
(W6.097L)
11/17/2011 11/17/2011 | Billings and Memphis WRS software upgrade to Release 3A (W6.097L)
11/28/2011 11/28/2011 | Cold Bay WRS software upgrade to Release 3A (W6.097L)
11/29/2011 11/29/2011 | Dallas and Juneau WRS software upgrade to Release 3A (W6.097L)
11/30/2011 11/30/2011 | Denver and Seattle WRS software upgrade to Release 3A (W6.097L)
12/01/2011 12/01/2011 | Bethel, NY, Oakland, and Cleveland WRS software upgrade to Release 3A
(W6.097L)
12/02/2011 12/02/2011 | Fairbanks and Houston WRS software upgrade to Release 3A (W6.097L)
12/05/2011 12/05/2011 | Boston WRS software upgrade to Release 3A (W6.097L)
12/06/2011 12/06/2011 | Kotzebue, Atlanta and Salt Lake City WRS software upgrade to Release 3A
(W6.097L)
Table 1-7 GUS Switchovers
Start End GUS Location/ Service Affected Event Description
Date Date Switch Satellite
10/02/11 | 10/02/11 Manual | GEO133, None Manual GUS Switch from HDH to SZP
Pamalu (HDH) TOW 28822-28827.
10/03/11 | 10/03/11 Manual | GEO138, LPV200_CONUS | GUS manual switchover for maintenance.
Brewster Brewster to Woodbine, service was affected
(BRE-B) for 03-OCT-11 and 04-OCT-11 TOW
115221-115226.
10/13/11 | 10/13/11 Manual | GEO138, LPV200 _CONUS, | GUS manual switchover - Woodbine to
Woodbine LPV200 Alaska, | Brewster TOW 348635-348640.
(QWE) LPV200_Canada
10/27/11 | 10/27/11 Manual | GEO138, LPV200_CONUS, | GUS manual switchover, Brewster to
Brewster LPV200_Alaska Woodbine. Elevated UDRE values caused
(BRE-B) LPV200 coverage drop on eastern coast for
October 27th and October 28th. TOW
374464-3744609.
11/01/11 | 11/01/11 Manual | GEO138, LPV200_CONUS, | GUS manual switchover, Woodbine to
Woodbine LPV200_Alaska Brewster TOW 201659-201664.
(QWE)
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Start End GUS Location/ Service Affected Event Description
Date Date Switch Satellite
11/02/11 | 11/02/11 Manual | GEO133, None GUS manual switchover, SZP to HDH TOW
Santa Paula 288014-288019.
(SzP)
11/02/11 | 11/02/11 Faulted | GEO133, None GUS switchover due to rain. HDH faulted.
Pamalu (HDH) TOW 344626-344642.
11/03/11 | 11/04/11 Manual | GEO135, LPV200 CONUS, | GUS manual switchover - Napa to Littleton
NAPA (APC) | LPV200_Alaska TOW 374483-374488.
11/04/11 | 11/04/11 Manual | GEO133, None GUS manual switchover - Santa Paula to
Santa Paula Pamalu TOW 460910-460915.
(SZP)
11/15/11 | 11/15/11 Manual | GEO133, None GUS manual switchover, HDH to SZP TOW
Pamalu (HDH) 201637-201642. Semi annual maintenance.
11/26/11 | 11/26/11 Faulted | GEO135, Alaska, GUS switchover, Littleton faulted. Receiver
Littleton LPV200_CONUS | SCAF. LPV200 CONUS affected from
(APA) ~21:59 to ~22:08. TOW 595097-595112.
12/15/11 | 12/15/11 Manual | GEO138, LPV_Alaska, GUS manual switchover, Brewster to
Brewster LPV200_Alaska Woodbine TOW 374653-374658.
(BRE-B)
Elevated UDRE values for PRN138 after the
switchover (UDREi of 11). NANU on
PRN25. Both events contributed to the loss
of the coverage.
12/31/11 | 12/31/11 Manual | GEO135, LPV_Alaska, GUS manual switchover, Napa to Littleton.
NAPA (APC) LPV200_Alaska Many missed messages due to suspected bad
USO (Universal Stable Oscillator) onboard
CRW-135. Switchover done to rule out that
the problem is GUS-related. TOW 593121-
593126. Trouble shooting for the missed
messages that occurred.
1.2 Report Overview

Section 2 provides the vertical and horizontal position accuracies from data collected, on a daily basis, at one-second
intervals. The 95% accuracy index and the maximum accuracy for the reporting period are tabulated. The daily 95%
accuracy index is plotted graphically for each receiver. Histograms of the vertical and horizontal error distribution
are provided for the combined WAAS receiver locations (see Table 1-2) within the WAAS service area.

Section 3 summarizes the WAAS instantaneous availability performance, at each receiver, for three operational
service levels during the reporting period. Daily availability is also plotted for each receiver evaluated. The number

of outages and outage rate for each site is reported.

Section 4 provides the percent of coverage provided by WAAS on a daily basis. Quarterly roll-up graphs presented
indicate the portions of service volume covered, and the percentage of time that WAAS was available.

Section 5 summarizes the number of HMI events detected during the reporting period and presents a safety margin
index for each receiver. The safety margin index reflects the amount of over bounding of position error by WAAS
protection levels. This section also includes update rates of WAAS messages transmitted from CRE, CRW, and

AMR.

Report 39




WAAS Performance Analysis Report January 2012

Section 6 provides the UDRE and GIVE bounding percentage and the 95% index of the range and ionospheric
accuracy for each satellite tracked by the WAAS receiver at 12 locations.

Section 7 provides the GEO ranging performance for CRE and CRW.
Section 8 provides WAAS LPV availability and outages at selected airports.
Section 9 provides the assessment of WAAS CNMP bounding for the 114 WAAS receivers.

Section 10 provides the surveyed positions of all WREs and the difference between the WRE survey positions in the
current operational software and the survey positions in this report.

Section 11 provides the daily and quarterly average of SQM PRN type biases and PRN biases.

Section 13 compares GPS broadcast orbits verse IGS precise orbits.

2.0 WAAS POSITION ACCURACY

Navigation error data, collected from WAAS and NSTB reference stations, was processed to determine position
accuracy at each location. This was accomplished by utilizing the GPS/WAAS position solution tool to compute a
RTCA DO-229D weighted least squares user navigation solution, and WAAS horizontal and vertical protection
levels (HPL & VPL), once every second. The user position calculated for each receiver was compared to the
surveyed position of the antenna to assess position error associated with the WAAS SIS over time. The position
errors were analyzed and statistics were generated for the operational service levels shown in Table 1.1.

Table 2.1 shows PA horizontal and vertical position accuracy maintained for 95% of the time at LP, LPV and
LNAV/VNAYV operational service levels for the quarter. The table also includes 95% SPS accuracy for certain
locations. Figures 2.1 to 2.6 show the daily horizontal and vertical 95% accuracy for LPV operational service level
for the period. Note that WAAS accuracy statistics presented are compiled only when all WAAS corrections (fast,
long term, and ionospheric) for at least 4 satellites are available. This is referred to as PA navigation mode. The
percentage of time that PA navigation mode was supported by WAAS at each receiver is also shown in Table 2.1. A
user is considered to be in NPA navigation mode if only WAAS fast and long term corrections are available to a
user (i.e. no ionospheric corrections). Table 2.2 shows NPA horizontal position accuracy for 95% and 99.999% of
the time. This table also shows the maximum NPA horizontal position error for the quarter. Figures 2.7 to 2.8 show
the daily horizontal 95% accuracy for NPA.

Table 2.3 shows the maximum LPV error statistics. The column marked ‘Horizontal Error’ shows the maximum
position errors while the calculated HPL meets the LPV service level defined in Table 1.1. The column marked
“Vertical Error’ shows the maximum position errors while the calculated VPL meets the LPV service level. The
columns marked ‘Horizontal Error/HPL’ and “Vertical Error/VPL’ show the ratio of position error to protection
level at the time the maximum error occurred. The columns marked ‘Horizontal Maximum Ratio’ and “Vertical
Maximum Ratio’ show the maximum position error to protection level ratio for the quarter.

During this reporting period, the maximum 95% CONUS horizontal and vertical LPV errors are 1.713 meters at
Grand Forks and 1.901 meters at Miami, respectively. The minimum 95% CONUS horizontal and vertical LPV
errors are 0.62 meters at Kansas City and 0.829 meters at Minneapolis, respectively. The maximum 95% and
99.999% NPA horizontal errors are 8.035 meters at Honolulu and 14.77 meters at San Juan, respectively. The
minimum 95% and 99.999% horizontal errors are 1.35 meters and 3.638 meters both at Oakland, respectively.

The decreases in 95% accuracy on 10/24/11 and 11/1/11/11 in Figure 2.1 to 2.8 are due to geomagnetic activity.
The increases in maximum position error and ratio at Mexico sites and Grand Forks in Table 2.3 are due to
geomagnetic activity on 10/24/11 as well.

Figures 2.9 to 2.12 show the distributions of the vertical and horizontal errors at all 38 WAAS receiver locations
combined in triangle charts and 2-D histogram plots for the quarter. The triangle charts in Figure 2.9 and 2.10 show
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the distributions of vertical position errors (VPE) versus vertical protection levels (VPL) and horizontal position
errors (HPE) versus horizontal protection levels (HPL). The horizontal axis is the position error and the vertical axis
is the WAAS protection levels. Lower protection levels equate to better availability. The diagonal line shows the
point where error equals protection level. Above and to the left of the diagonal line in the chart, errors are bounded
(WAAS is providing integrity in the position domain); below and to the right, errors are not bounded (HMI could be
present). The 2-D histogram plots in Figure 2.11 and 2.12 show the distributions of vertical and horizontal position
errors and normalized position errors. The blue trace shows the distributions of the actual vertical and horizontal
errors. The horizontal axis is the position errors and the vertical axis is the total count of data samples (log scale) in
each 0.1-meter bin. The magenta trace show the distributions of the actual vertical and horizontal errors normalized
by one-sigma value of the protection level; vertical - (VPL/5.33) and horizontal - (HPL/6.0). The horizontal axis is
the standard units and vertical axis is the observed distribution of normalized errors data samples in each 0.1-sigma
bin. Narrowness of the normalized error distributions shows very good observed safety performance.
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Table 2-1 PA 95% Horizontal and Vertical Accuracy
SPS
Horizontal Horizontal Vertical Percentage Accuracy
Location (HAL=40m) (HAL=556m) (VAL=50m) in PA mode 95% 95%
(Meters) (Meters) (Meters) (%) Horizontal | Vertical
(Meters) (Meters)

Arcata 1.460 1.473 1.688 99.80238 * *
Grand Forks 1.713 1.740 1.592 99.81086 * *
Oklahoma City 1.183 1.196 1.822 99.81470 * *
Albugquerque 0.630 0.631 1.002 99.81997 1.978 5.949
Anchorage 0.649 0.656 1.412 99.81930 2.242 6.356
Atlanta 0.683 0.687 1.373 99.81981 * *
Barrow 0.866 0.874 1.794 99.81325 * *
Bethel 0.610 0.617 1.187 99.81737 2.349 8.270
Billings 0.823 0.834 0.971 99.81994 2.108 5.686
Boston 0.810 0.813 1.056 99.81955 2.399 5.536
Chicago 0.813 0.819 0.962 99.81981 * *
Cleveland 0.679 0.684 1.061 99.81959 2.193 5.658
Cold Bay 0.791 0.799 1.246 99.82040 * *
Dallas 0.669 0.670 1.437 99.81954 * *
Denver 0.663 0.669 0.917 99.81975 * *
Fairbanks 0.711 0.719 1.426 99.81931 2.426 8.067
Gander 0.886 0.894 1.197 99.81947 * *
Goose Bay 0.916 0.930 1.193 99.81923 * *
Houston 0.783 0.783 1.753 99.81987 2.256 6.612
Igaluit 1.585 1.686 2.254 99.81921 * *
Jacksonville 0.734 0.739 1.723 99.81986 * *
Juneau 0.776 0.781 1.129 99.82030 * *
Kansas City 0.620 0.626 1.001 99.81987 2.114 6.100
Kotzebue 0.709 0.718 1.323 99.80992 2.550 8.379
Los Angeles 0.779 0.779 1.245 99.82004 2.012 7.075
Memphis 0.690 0.694 1.249 99.81977 * *
Merida 0.864 0.879 1.850 99.81977 * *
Mexico City 1.291 1.298 1.770 99.81989 * *
Miami 0.875 0.881 1.901 99.81678 2.504 6.651
Minneapolis 0.865 0.872 0.829 99.81990 2.184 5.814
New York 0.802 0.806 1.090 99.81961 2.045 7.278
Oakland 0.727 0.729 1.173 99.82000 2.022 5.989
Puerto Vallarta 1.310 1.320 1.683 99.81962 * *
Salt Lake City 0.732 0.736 0.865 99.81997 * *
San Jose Del Cabo 0.993 1.002 1.824 99.81760 * *
Seattle 0.964 0.979 0.977 99.82003 2.122 6.517
Tapachula 1.838 1.857 2.023 99.76973 * *
Washington DC 0.760 0.764 1.231 99.81966 2.340 5.986
Winnipeg 0.722 0.729 1.069 99.81989 * *

* = SPS Data not processed.
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Location 95% 99.999% Percentage in Maximum

Horizontal Horizontal NPA mode Horizontal
(meters) (meters) (%) Error
Albuguerque 1.405 4.860 99.822 5.030
Anchorage 2.186 9.426 99.822 9.656
Atlanta 1.538 4.864 99.822 5.081
Barrow 2.670 6.238 99.819 6.666
Bethel 2.030 11.224 99.821 11.483
Billings 1.698 5.746 99.822 5.990
Boston 1.842 4.021 99.822 6.424
Cleveland 1411 4.645 99.822 4,779
Cold Bay 1.605 6.582 99.822 6.784
Fairbanks 2.307 8.301 99.822 8.484
Gander 1.904 3.914 99.822 4,138
Honolulu 8.035 13.635 99.822 13.835
Houston 1.681 6.705 99.822 6.828
Igaluit 3.556 8.818 99.822 8.996
Juneau 1.935 7.630 99.822 7.820
Kansas City 1.499 5.244 99.822 5.419
Kotzebue 2.293 8.073 99.819 8.239
Los Angeles 1421 4.608 99.822 4.846
Merida 2.250 9.188 99.822 9.373
Miami 1.808 4,510 99.822 4.876
Minneapolis 1.716 5.403 99.822 5.574
Oakland 1.355 3.723 99.822 3.956
Salt Lake City 1.403 3.765 99.822 3.960
San Jose Del Cabo 2.567 10.027 99.822 10.273
San Juan 4,351 14.775 100 14.944
Seattle 1.610 6.411 99.822 6.680
Tapachula 4,098 13.346 99.776 13.764
Washington DC 1.726 5.642 99.822 5.934
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Table 2-3 Maximum LPV Error Statistics
Horizontal | Horizontal Horizontal Vertical Vertical Vertical

Location Error (m) | Error/HPL | Maximum Ratio Error (m) Error/VPL | Maximum Ratio
Arcata 5.322 0.135 0.265 6.806 0.196 0.197
Grand Forks 10.134* 0.288 0.299* 9.085* 0.188 0.283
Oklahoma City 4.505 0.178 0.280 7.061 0.251 0.330
Albuquerque 2.246 0.059 0.163 4.459 0.147 0.197
Anchorage 2.075 0.055 0.143 4.350 0.188 0.198
Atlanta 3.383 0.112 0.164 4.504 0.107 0.191
Barrow 4.058 0.156 0.189 6.525 0.211 0.211
Bethel 2.011 0.060 0.149 4.893 0.098 0.152
Billings 2.283 0.227 0.227 8.738 0.197 0.197
Boston 3.757 0.099 0.177 3.586 0.112 0.177
Chicago 2.161 0.088 0.189 5.790 0.149 0.167
Cleveland 2.627 0.074 0.192 4.756 0.114 0.202
Cold Bay 2.255 0.089 0.112 3.499 0.098 0.123
Dallas 2.390 0.064 0.181 5.568 0.120 0.261
Denver 3.720 0.102 0.216 3.985 0.122 0.209
Fairbanks 3.548 0.122 0.159 4.090 0.165 0.186
Gander 2.847 0.112 0.121 4.053 0.083 0.123
Goose Bay 4.007 0.100 0.177 4414 0.122 0.156
Houston 2.994 0.235 0.235 4.728 0.318 0.318
Igaluit 4.566 0.116 0.197 8.300 0.183 0.246
Jacksonville 2.603 0.193 0.193 5.012 0.121 0.196
Juneau 2.801 0.111 0.159 3.911 0.186 0.186
Kansas City 2.524 0.094 0.212 7.147 0.197 0.209
Kotzebue 3.357 0.130 0.164 4.613 0.113 0.173
Los Angeles 2.443 0.142 0.177 4.857 0.179 0.179
Memphis 2.708 0.074 0.175 3.827 0.181 0.193
Merida 4.092 0.186 0.241 4.792 0.154 0.190
Mexico City 10.446* 0.429 0.429* 9.387* 0.254 0.254
Miami 2.620 0.138 0.156 4.568 0.137 0.191
Minneapolis 2.097 0.078 0.182 3.213 0.075 0.166
New York 2.363 0.124 0.151 4.730 0.097 0.157
Oakland 2.805 0.213 0.213 4.341 0.095 0.155
Puerto Vallarta 9.990* 0.285 0.318* 10.060* 0.215 0.258
Salt Lake City 2.195 0.063 0.170 4.401 0.111 0.169
San Jose Del Caho 6.839* 0.234 0.293* 8.929* 0.195 0.268
Seattle 2.789 0.084 0.197 5.640 0.134 0.184
Tapachula 7.906* 0.265 0.318* 11.042* 0.340 0.340
Washington DC 2.023 0.054 0.163 4.439 0.102 0.176
Winnipeg 3.107 0.087 0.195 6.864 0.217 0.227

*Increases in position error and ratio due to geomagnetic activity on 10/24/11
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Figure 2-1 LPV 95% Horizontal Accuracy
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Figure 2-2 LPV 95% Horizontal Accuracy
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