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1.0 Scope

1.1 Identification

This Specification establishes the performance, design, development, and verification requirements for the Wide Area Augmentation System (WAAS) Geostationary Communication and Control Segment (GCCS).

1.2 System Overview

The WAAS is a safety critical system consisting of equipment and software that augments the Department of Defense Global Positioning System (GPS) Standard Positioning Service (SPS). The primary mission of the WAAS is to provide a means for air navigation for all phases of flight in the National Airspace System (NAS) from departure through en route and approach. The WAAS augments GPS with the following three services: a ranging function, which improves availability and reliability; differential GPS corrections, which improve accuracy; and integrity monitoring, which improves safety. The System provides a Signal-in-Space (SIS) to WAAS certified aircraft avionics for any FAA approved phase of flight. The SIS provides two services; (1) data on GPS and Geostationary Earth Orbit (GEO) satellites, and (2) a ranging capability (See Figure 1.2‑1).

The GPS satellite data is received and processed at widely dispersed Wide-area Reference Stations (WRSs) which are strategically located to provide coverage over the required WAAS service volume. This data is forwarded to Wide-area Master Stations (WMSs) which process the data from multiple WRSs to determine the integrity, differential corrections, and residual errors for each monitored satellite and for each predetermined ionospheric grid point (IGP). Multiple WMSs are provided to eliminate single point failures within the WAAS network. Information from all WMSs is sent to each GEO Uplink Subsystem (GUS) and transmitted along with the GEO navigation message to GEO satellites. The GEO satellites broadcast this data to the Users via the GPS L1 and L5 frequencies with GPS type modulation. Each ground based station/subsystem in the WAAS communicates via a Terrestrial Communication Network (TCN).

The System design is divided into three types of sites; the WRS, the WMS and the Geostationary Communication and Control Segment. The GCCS is comprised of two GUSs and a GEO satellite. Each GUS is located at a different Ground Earth Station (GES).  The two GUSs are operationally independent of each other and geographically separated by at least 300 miles.  One GUS operates as the Primary uplink to the satellite while the other operates as a Backup, radiating into a dummy load. 

Each GUS receives information from the WMS and generates a WAAS message modulated onto separate Pseudorandom Noise (PRN) codes for the L1 signal and for the L5 signal. The Primary GUS transmits the WAAS message(s) to the GEO satellite and the GEO then receives the GPS-like ranging signals containing integrity and corrections data, translates the uplink signals to L1 and L5 frequencies, and broadcasts the two Signals-In-Space to all Users. These signals are also used for control of the SIS at the GUS to obtain measurements of the ionospheric path delay between the GUS and the GEO.
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Figure 1.2‑1
WAAS System Architecture

1.3 Document Overview

Section 2 lists the specifications, standards, and orders referred to in this document. Section 3 provides the GCCS functional and performance requirements. Section 4 identifies requirements for testing and verification that the GCCS must meet to be compliant with this specification. Section 5 provides instructions for delivery of GCCS equipment and Section 6 contains definitions for the various terms used in this document.

2.0 Applicable Documents

2.1 Government Documents

The following documents of the issue shown form a part of this specification to the extent specified herein. In the event of conflict between the documents referenced herein (with the exception of the WAAS specification, item 2.1.1.1.d below) and the contents of this specification, the contents of this specification shall be considered a superseding requirement.

2.1.1 Specifications

2.1.1.1 Federal

a.
FAA-G-2100F

Electronic Equipment, General Requirements, 





November 15, 1993

b.
NAS-IR-51035101
Interface Requirements Document Remote Monitoring

Subsystem/Maintenance Processor System (RMS/MPS), July 30, 1993

c.
FAA-E-2892B

Specification – Wide Area Augmentation System 

(WAAS) with Change 2, August 13, 2001

2.1.1.2 Military

a.
ICD-GPS-200

NAVSTAR GPS Space Segment/Navigation User





Interfaces, 1997

b.
ICD-GPS-705

NAVSTAR GPS Space Segment/Navigation User





L5 Interfaces, DRAFT, April 2001

c.
MIL-STD-46855
Human Engineering Requirements for Military Systems,

Equipment, and Facilities, May 26, 1994 (as tailored by the WAAS SOW)

d.
Department of

Global Positioning System Standard Positioning Service


Defense

(SPS) Signal Specification, June 2, 1995

2.1.2 Standards

2.1.2.1 Federal

a.
FAA-STD-013D
Quality Control Program Requirements, June 15, 1994
b.
FAA-STD-018A
Computer Software Quality Program Requirements,

 




May 1977

c.
FAA-STD-019B
Lightning Protection, Grounding, Bonding, and 

Shielding Requirements for Facilities, August 28, 1990

d.
FAA-STD-020B
Transient Protection, Grounding, Bonding, and 

Shielding Requirements for Equipment, May 11, 1992

e. FAA-STD-021A
Configuration Management, August, 1991

f. FAA-STD-024B
Content and Format Requirements for the Preparation 

of Test and Evaluation Documentation, August 22, 1994


g.
FAA-STD-026
NAS Software Development, August 4, 1993


h.
FAA-STD-028B
Contract Training Program, May 1, 1993

2.1.2.2 Military

a.
MIL-STD-129M
Marking for Shipment and Storage (Part 1 of 4 Parts),





June 15, 1993

b.
MIL-STD-471A
Maintainability Verification/Demonstration/Evaluation,





December 8, 1978

c.
MIL-STD-973

Configuration Management, Interim Notice 1, 





April 17, 1992

d.
MIL-STD-1472
Human Engineering Design Criteria for Military Systems





Equipment and Facilities, March 14, 1989

e.
MIL-STD-2073
DoD Material Procedures for Development and 

-1B


Application of Packaging Requirements (Part 1 or 2 

Parts), June 21, 1991

2.1.3 Other Publications

2.1.3.1 Regulation

a.
CFR, Title 10,

Nuclear Regulatory Commission Rules and Regulations

Part 20


CFR, Chapter 1, Part 20


b.
CFR, Title 21,

Laser Symbol, CFR, Chapter I, Subchapter J, Part 

Part 1040

1040


c.
CFR, Title 29,

OSHA Regulation CFR, Part 1910.96, July 1, 1985



Part 1910.96



2.1.3.2 Other

a.
FAA Order 1600.56
Physical Security Review of New Facilities, Office 

Space or Operating Areas, July 1975

b.
FAA Order

FAA Automated Information systems Security 1600.54B 



Handbook, February 1989

c.
FAA Order 1800.8F
NAS Configuration Management, May 1991

d.
FAA Order 1810.4B
FAA NAS Test and Evaluation Policy, October 19, 

1983

e.
FAA Order 3000.6B
Training, December 11, 1974

f.
FAA Order 3910.3A
Radiation Health Hazard and Protection, 

October 19,1983

g.
FAA Order

Vendor Shipment of Nationally Furnished Project


4650 22D

Material, May 4, 1993

h.
FAA Order 

General Maintenance Handbook for Airway Facilities


6000.15B

August 1991

i.
FAA Order 6030.45
Facility Reference Data File (FRDF), 

December 30, 1992

j.
FAA Technical
Airborne Supplemental Navigation Equipment 

Standard Order 
Using the Global Positioning System (GPS),

C129


December 10, 1992

2.2 Non-Government Documents

The following documents of the issue shown form a part of this specification to the extent specified herein.  In the event of conflict between the documents referenced herein and the contents of this specification, the contents of this specification shall be considered a superseding requirement.

2.2.1 Specifications

a.
6136066
Interface Control Document, Signal Generator Subsystem for the Wide Area Augmentation System

b.
6136067
Interface Control Document, Terrestrial Communications Network for the Wide Area Augmentation System

2.2.2 Standards

a.
ANSI N2.1-89

Warning Symbols – Radiation Symbols,





December 20, 1988

b.
ANSI Z 535.1-1991
Color coding Physical Hazards, June 1991

c.
ANSI-STD-X3.159-
C Programming Language


1989

2.2.3 Other Publications

a. B.E. Blair, Editor, “Time and Frequency, Theory and

Fundamentals”, National Bureau of Standards Technical Note 683, Boulder, CO, August 1976

b. J.K. Wolfe and R.D. Blakeney II, “An Exact Evaluation of The Probability of Undetected Error for

Certain Shortened Binary CRC Codes,” Milcom ’88 Conference Proceedings, Volume 1, Paper 15-2,

Washington, DC, 1988, pp 287-292


c.
RTCA/DO-178B
Software Considerations in Airborne Systems and 






Equipment Certification, December 1, 1992


d.
UL 1418

Implosion Protected Cathode Ray Tubes for Television 






Type Appliances, December 27, 1993


e.
RTCA/DO-229B
Minimum Operational Performance Standards (MOPS)

for GPS/WAAS Airborne Equipment


f.
RTCA/DO-261
NAVSTAR GPS L5 Signal Specification, 






14 December 2000

Technical society and technical association specification and standards are generally available for reference from libraries. They are also distributed among technical groups and Federal Agencies.

3.0 Requirements

This section specifies the functional, performance, interface, design requirements and quality factors and characteristics of the Geostationary Communication and Control Segment (GCCS) of the WAAS.

3.1 GCCS Definition

The GCCS provides for generation of the WAAS SIS using both ground and space components 
(Fig. 3.1-1). The GEO space vehicle contains a transponder that receives the uplink signals from the ground earth station (GES) and broadcasts independent signals-in-space at both the GPS L1 and L5 frequencies. These independent, redundant SISs contain WAAS corrections and integrity data for the GPS SVs as well as emulate the GPS SIS for timing and quality (ranging). Radiated power levels and signal modulation structure are required to be in compliance with the WAAS specification for L1 (FAA-E-2892B) and the RTCA prepared signal specification for L5 (RTCA/DO-261). The message flow through WAAS is shown in Figure 3.1-2 while Figure 3.1‑3 portrays the data flow associated with WAAS signal generation and Figure 3.1‑4 presents a functional diagram for the GCCS.

3.1.1 Interface Definition

3.1.1.1 GCCS External Interfaces

3.1.1.1.1 Terrestrial Communication Network (TCN)

This interface establishes the requirements for the interface between the WAAS Master Station and the GUS accomplished via the TCN.

3.1.1.1.1.1 Interface Characteristics

The characteristics of this interface are contained in ICD 6136067, the Terrestrial Communications Network Interface Control Document and the GUS shall satisfy the interface requirements contained in this ICD.
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Figure 3.1‑1
GCCS in WAAS
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Figure 3.1‑2
Message Output Data Flow
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Figure 3.1‑3
GUS Data Flow
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Figure 3.1‑4
GCCS Functional Diagram

WMS-GUS Interface

The following types of data messages shall be communicated via this interface:  GPS and GEO Navigation data from the WMSs;  GUS configuration control commands from the WMSs;  GUS equipment status and alert/alarm data from the GUS to the WMSs; and O&M data.  The GUS shall be capable of communicating with at least nine WMSs.

The specifics of the WMS-GUS Interface will be defined as part of the Contractor's efforts as specified in the Statement of Work under the GCCS External Interface Design Document (GEIDD).  Once delivered and approved by the Government, the GCCS External Interface Design Document shall define the WMS-GCCS interface.

3.1.1.1.1.2 GPS/GEO Navigation Data

The structure of the WAAS SIS message received from the WMS via the TCN is shown in Figure 3.1-5.  Here the WAAS broadcast message occupies 32 bytes where the most significant bit of the most significant byte is the first bit of the WAAS message.  The GUS shall compute the preamble and 24-bit User CRC so these values are set to zero in the WMS generated message.
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Figure 3.1‑5
WMS WAAS SIS Message

The TOA is the time of applicability of this message, in integer seconds WAAS standard time. The TOA represents the GPS epoch when the message is transmitted and the GUS shall delay the message 1 epoch so that the message contents are applied on the intended User epoch.

The tandem CRCs are used to protect the WMS to GUS WAAS Message Processor (WMP) messages.  The 32-bit CRC is computed by the WMS on the WAAS Message and TOA then the 24 bit CRC is computed on the WAAS message, TOA and 32-bit CRC. 

GUS Configuration Control

The WMS shall provide control of the GUS configuration commands sent via the TCN.  The following commands shall be provided.  

a. GEO clock steering

b. GUS installation data

c. GUS software update

d. RESET GUS

e. GUS Maintenance Authorization

f. Solar configuration warming

g. System status – at least once per second

h. Upload records

i. Software Dpwm;pad - GUS

3.1.1.1.1.2.1 GUS Status and Alert/Alarm Data

The GUS shall provide the following data to the WMS.  

a. Data Download Request

b. Maintenance Authorization Request

c. Operational Configuration Data *

d. Signal Quality Parameters *

e. Communication Link Data *

f. Equipment Performance Data *

g. Fault Detection Data – whenever the data changes, not to exceed once per second.

h. RF Interference Data

i. Maintenance Data

j. Monitor Status

k. Historical Data.

* These shall be provided to each WMS at least once per second.

3.1.1.1.1.3 O&M

The GUS shall provide the following to O&M.  

a.
Operational Status

b.
TBD  (Specifics for this interface are being developed)

3.1.1.1.2 Signal-In-Space (SIS)

This interface establishes the requirements for the interface between the GCCS GEO and the WAAS Reference Stations as well as WAAS Users.

The GEO shall broadcast L band signals at the GPS L1 and L5 frequencies, as shown in Table 3.1‑1 (TBR).

Table 3.1‑1
GEO Signals-In-Space

	
	L1
	L5

	Frequency (MHz)
	1575.42
	1176.45

	Polarization
	RHCP
	RHCP

	Bandwidth (MHz, 3 dB)
	>4.0 (Threshold) 

> 20 (Objective)
	> 20

	Radiated Power
	>28 dBW (Threshold)

> 33.5 dBW (Objective)
	>26 dBW (Threshold)

 > 31.5 dBW (Objective)

	Coverage
	Global
	Global


3.1.1.2 GCCS Internal Interfaces

This interface establishes the requirements for the interface between the ground and space components of the GCCS.

3.1.1.2.1 GUS to GEO

The GUS shall provide an uplink signal broadcast to the GEO satellite.  This interface shall be active when the GUS is in Primary mode.  The output of the power amplifier assembly shall be provided to the broadcast antenna when the GUS is active (Primary) and shall be switched to dummy load when the GUS is inactive (Backup).

3.1.1.2.2 GEO to GUS

The GUS shall receive the L1 and L5 downlink signals from the GEO via the L-Band dish antenna and the L1 downlink via the omni antenna. 

3.1.1.2.3 GUS to GUS

The GUS shall provide the following data via the TCN to all other GUSs in the GCCS at least once per second.  The GUS WMP shall assure the message integrity by computing and appending a 32-bit CRC for these messages.  (Specifics for this interface are being developed).

a. Control Loop Data

b. Signal Quality Parameter

c. Status Data

d. Selected WMS

3.1.1.2.4 GUS Processor to Safety Computer

The Safety Computer is essential to maintaining the integrity of the WAAS SIS Messaging.  The GUS processing component shall forward the received WAAS SIS from the selected WMS to the Safety Computer for processing.  The Safety Computer element shall be comprised of two separate hardware platforms (WMP 1 and WMP 2) with identical operating systems and applications software (see Figure 3.1-4).

3.1.1.2.4.1 Safety Processor to Hardware Comparator

The Safety Computer shall contain a hardware comparator that receives the message output of the two safety processors.  The hardware comparator shall perform a direct bit-by-bit comparison of each received message pair and enable that SIS message output from WMP 1 if the bit-by-bit comparison is successful.

3.1.1.2.4.2 Hardware Comparator to GUS Processor

The Hardware Comparator shall provide an explicit indication to the GUS processor of comparison success or failure for each message.  Failure of the GUS Processor to receive a success or failure indication from the Hardware Comparator shall be considered an indication of failure.  Upon receipt of a failure indication or implied failure from non-receipt of an indication from the Hardware Comparator, the GUS shall declare a faulted condition and 1) discontinue WAAS SIS message transmission to the GEO; and 2) indicate a failure condition to external and internal interfaces.  

3.2 Characteristics

The WAAS SIS performance requirements shall be met under the following conditions: (1) the GPS satellite constellation is operational as defined by the GPS SPS; (2) the User equipment is within the service volume defined by the WAAS Specification and coverage provided by the GEO; and (3) the avionics contribution to pseudorange error is assumed to be in accordance with the WAAS MOPSs and TSO-C129.

3.2.1 Performance Characteristics

This section of the GCCS specification has been divided into three subsections, GCCS End-to-End Performance, GUS-Type 1 Performance, and GEO Performance.  The terminology GUS-Type 1 is used to differentiate this version of the ground uplink from the current WAAS implementation.

GCCS End-to-End Performance

The GCCS shall satisfy the requirements in the following paragraphs.  (The intent of the subsection is to provide performance specifications from which design requirements can be allocated between GUS-Type 1 and GEO elements.)

3.2.1.1.1 Code-Carrier Frequency Coherence

Code-Carrier Frequency Coherence is addressed through the Short Term Code-Carrier Coherency requirement, the Long Term Code-Carrier Coherency requirement, and the Short Term Fractional Coherency requirement between L1 and L5 defined below.

3.2.1.1.1.1 Short Term Code-Carrier Coherency

The lack of coherence between the broadcast SIS carriers  (L1 and L5) phase and their respective code phase shall be limited. The short term (<10 seconds) fractional frequency difference between the code phase rate and the carrier frequency shall be less than 5 X10-11 (one sigma).  

The Code-Carrier coherency requirement for L1 and L5, respectively, is defined as:
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3.2.1.1.1.2 Long Term Code-Carrier Coherency

The long-term (<100 seconds) code-carrier coherency shall be within one carrier cycle, one sigma, for both L1 and L5.  This does not include code-carrier divergence due to ionospheric refraction in the downlink propagation path. 

3.2.1.1.1.3 Short Term Fractional Coherency between L1 and L5

The requirement for short-term (<10 seconds) fractional coherency between the L1 and L5 carriers shall be less than 5 X 10-11 (one sigma) as defined below:
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3.2.1.1.2 Correlation Loss

The correlation loss resulting from SIS signal generation, modulation, GUS transmission imperfections and filtering in the GEO satellite payload shall be less than 1 dB.

Correlation loss is defined as the ratio of the following two output powers:  (1) the actual received WAAS signal correlated against a perfect unfiltered PN reference; or (2) a perfect unfiltered PN signal normalized to the same total power as the WAAS signal in case 1, correlated against a perfect unfiltered PN reference.  The correlation loss requirement is defined as:
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Where “CXX” represents the power of the unfiltered PN reference, and “CYY” represents the power of the actual received WAAS signal, and “CXY” represents the power in the product of the unfiltered PN reference signal and the received WAAS signal when the two signals are optimally aligned for maximal cross correlation.

3.2.1.1.3 Carrier Frequency Stability

The additive short-term stability of the carrier frequencies (the square root of the Allan Variance) at the input of the User antenna shall be better than 5 X10–11 over 1 to 10 seconds, excluding the effects of the ionosphere and Doppler.

3.2.1.1.4 SIS Phase Noise

The phase noise spectral density of the unmodulated L band carriers shall be such that a phase local loop of 10 Hz one-sided noise bandwidth shall be able to track each carrier to an accuracy of 0.1 radian rms.  Phase noise spectral density shall equal to or less than the values in 
Table 3.2-1 below.

Table 3.2‑1
Phase Noise
	Frequency Offset from Carrier  (Hz)
	Phase Noise Density

(dBc/Hz)

	1 to 10

100

1000

10 K

100 K

> 1 M
	-47

-77

-94

-101

-105

-110


3.2.1.1.5 L1 / L5 Crosstalk

Crosstalk measured on L1 due to L5 and crosstalk on L5 due to L1 shall be equal to or less than –30 dB. Crosstalk is defined as:
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Where 
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is the power of the message component found in channel ‘i’ due to the message in channel ‘j’, and
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is the power of the carrier without modulation in channel ‘i’.

3.2.1.1.6 Frequency Conversion

The GUS-Type 1 shall compensate for all uplink perturbations and provide code-carrier coherency for the broadcast signals. In accomplishing this, the GUS-Type 1 shall compensate for any errors induced by the satellite in the frequency translation between the uplink and the downlink.  

The L1 and L5 downlinks shall have separate frequency adjustment controls and these adjustments shall be in increments of 300 Hz or less. The Frequency Translation Error from the uplink frequency to the downlink frequency shall be less than 1 part in 107.  The difference in the frequency translation error between the downlink signals shall not exceed 1 part in 108 over the service life. 

3.2.1.2 GEO Performance Requirements 

3.2.1.2.1 Navigation Signal Transponder 

The Navigation Signal transponder shall be a dual channel transponder that translates two separate uplink signals, generated at the same GUS-Type 1, to the L1 and L5 navigation frequencies for broadcast as the WAAS Signals-In-Space (SIS).

3.2.1.2.2 Outage Rates and Duration

The outage rates and durations of the GEO satellite transponder shall be as shown in Table 3.2‑2. All outages of GEOs are assumed to be non-predictable.  The Contractor is responsible for providing GEO satellite coverage for the broadcast and ranging function to meet the performance requirements in paragraph 3.2.1 of this specification.  The outage rates and durations assumed for other satellites of this type shall take into account both failures of the navigation transponder package and of any satellite elements required for the continued operation of the WAAS broadcast and ranging functions, and shall be substantiated by satellite provided information and analyses.

Table 3.2‑2
GEO Transponder Outage Rates

	
	Outage Rate, 
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	Mean Duration, 
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	GEO Outage Mode 1 (minor)
	0.083 per year
	19.8 hours

	GEO Outage Mode 2 (catastrophic)
	0.014 per year
	3 years


3.2.1.2.3 Orbital Arc

The satellite shall be located in the orbital arc of 54 to 137 degrees west longitude (Threshold) with preference of 119 to 129 degrees west longitude (Objective).  (TBR)

3.2.1.2.4 GEO Transponder Path Control

Both L1 and L5 channels shall have independent adjustment and command functions for power amplifier ON/OFF, receiver ON/OFF, channel gain and level control setting. (TBR).

3.2.1.2.5 Spurious Transmission

Spurious transmissions shall be at least 40 dB below the unmodulated carriers over all frequencies when the carriers are modulated with the appropriate PRN code.

This requirement shall be met with any illumination up to the levels defined below, at frequencies anywhere within the Navigation channel and for any number of RF channels of the communications subsystem, if applicable.

1) Single-carrier illumination at a power level sufficient to drive the power amplifier to saturation;

2) Two-carrier illumination at a total power level sufficient to drive the power amplifier to saturation;

3) Multiple-carrier illumination (more than two) at a total power level sufficient to drive the power amplifier to saturation; and

4) Any combination of items (1) to (3), in any number of RF channels simultaneously, including the Navigation channel.

3.2.1.2.6 Carrier Frequency

The WAAS broadcast shall consist of two independent carrier frequencies of 1575.42 MHz (GPS L1) and 1175.46 MHz (GPS L5). In addition, the frequency stability of the conversion oscillator over 1 to 10 seconds shall be better than 3.5 x 10 –11 and better than 2 x 10-7 over the service life.

3.2.1.2.7 Signal Spectrum

Ninety-nine percent of the broadcast signal power for each signal shall be in a 41 MHz bandwidth centered at the respective L1 and L5 carrier frequencies.

3.2.1.2.8 Doppler Shift

The Doppler shift, as perceived by the stationary User, on the signal broadcast by the GEO will be less than 40 meters per second in the worst case (at EOL).

3.2.1.2.9 Transmit Coverage

GEO coverage shall be achieved for all static and dynamic satellite pointing errors in normal operations including during station keeping and in eclipse.  Global coverage to all points in view of the satellite shall be provided in the L band frequency bands with a global beam.

3.2.1.2.10 Polarization

The satellite L band transmit antenna shall accommodate Right Hand Circular Polarization (RHCP) in accordance with the sense of polarization as defined in Numbers 148 and 149 of Article 1 of the ITU Radio Regulations for RHCP and LHCP. 

3.2.1.2.11 Antenna Gain Variation

The variation of the antenna gain from any location within the global coverage, resulting from all sources including three sigma pointing error, shall not exceed 3 dB (Threshold), 1.5 dB (Objective).  

3.2.1.2.12 Axial Ratio

The axial ratio shall not be greater than 2 dB within the global coverage area (+/-9.1 degrees from boresight) and over the full operational bandwidth for L5 and for L1. (TBR)

3.2.1.2.13 Uplink Protection

The spacecraft shall be capable of operation in the presence of interference that is less than or equal to 10 dB above the nominal uplink EIRP without increase in probability of broadcasting hazardously misleading information.

3.2.1.2.14 Effective Isotropic Radiated Power (EIRP) (TBR)

When operating in the defined orbital position, the EIRP for single-carrier saturated operation at the center frequency of the L1 SIS shall be equal to or greater than 28 dBW (Threshold), 33.5 dBW (Objective) anywhere within the WAAS service volume and GEO coverage area.

When operating in the defined orbital position, the EIRP for single-carrier saturated operation at the center frequency of the L5 SIS shall be equal to or greater than 26 dBW (Threshold), 31.5 dBW (Objective) anywhere within the WAAS service volume and GEO coverage area.

3.2.1.2.14.1 EIRP Stability

The change in EIRP, at any location in the defined coverage area, due to all causes, including antenna thermal distortion, attitude instabilities, one sigma pointing errors, filter characteristics, and power amplifier characteristics, shall not exceed 1.2 dB peak-to-peak for 24 hours and 1.9 dB peak-to-peak over the service life.

The change in saturated EIRP due to all causes, except antenna pointing error, shall not exceed 0.5 dB peak-to-peak diurnally and 1.0 dB peak-to-peak over the service life of the satellite. 

The change of small signal levels, including antenna effects, shall not exceed ±2 dB over any twenty-four (24) hour period and shall not exceed ±3 dB over service life.

3.2.1.2.15 Channel Gain Adjustment

The GCCS shall operate without degradation to the Signals in Space with an availability of 99.99% or greater.  Sufficient gain adjustment capability shall be provided to satisfy this requirement for the selected uplink frequency and GES location. 

3.2.1.2.16 Gain Flatness

The overall peak-to-peak gain variation over the operational bandwidths for the L band transmission channels shall not exceed 3.1 dB.

The peak-to-peak gain variation over any 1 MHz within the operational bandwidth of the navigation channels shall not exceed 0.75 dB.

3.2.1.2.17 Amplitude Linearity

The maximum level of each third order (2*f1 – f2) intermodulation product, relative to each carrier as measured at the output of the receiver while the satellite is illuminated by two (2) carriers from anywhere within the coverage areas, each at the level required for single carrier saturation, shall be –58 dBc for carrier separations greater than 100 kHz, with the channel gain control set at the maximum gain position.

3.2.1.2.18 Phase Linearity

Phase linearity requirements are defined as being measured over the total transmission channel, including receive antenna and transmit antenna with adjacent channels switched off. The deviations from phase linearity of all the forward and return transmission channels shall be within +/- 5 degrees across any 50 kHz.

3.2.1.2.19 Group Delay

The following specification requirements relate to calibration of the spacecraft turn-around delay for the navigation positioning services. The service can operate in two modes:

1. Using calibrations of the spacecraft orbital location via the TT&C ranging system.

2. By automatic elimination of the spacecraft orbital location errors using a reference ranging calibration between the L1 and L5 navigation channels.

3.2.1.2.19.1 Overall Group Delay

A turn-around calibration accuracy of better than 10 nsec in the navigation transponders shall be attained prior to launch and confirmed during initial on-orbit testing.

3.2.1.2.19.2  Group Delay Stability

The differential group delay stability between both navigation transponders shall be less than 
5 nsec in any 24 hour period.

3.2.1.2.20 Phase Variation with Dynamic Range

The variation in phase (phase shift) for signals operating over a 20 dB dynamic range below full EIRP to full EIRP shall be less than 10( for the L band navigation transponders subject to a maximum rate of change of 4(/dB.

3.2.1.2.21 AM/PM Conversion Coefficient

The AM/PM conversion coefficient for any navigation channel with single carrier RF drive levels up to power amplifier saturation shall not exceed 3.5 degrees/dB (TBD) for any modulating frequency up to 20 MHz.  This requirement shall be met at any frequency within the RF channel and for any flux density value from saturation to 20 dB below that value.

GUS-Type 1 Performance Requirements

Each GUS shall receive data from all operational WMSs with a single WMS selected as the primary data source for WAAS messages to be transmitted to the GEO satellite.  Messages from the selected WMS source shall be validated and FEC encoded, and transmitted to the satellite.  The GUS-Type 1 shall have the capability to generate the WAAS PRN codes in accord with the WAAS MOPS, RTCA/DO-229.  Both GUSs shall select the same WMS as the primary data source.  The GUS designating the primary data source is defined as the Primary GUS.  The second GUS is defined as the Backup GUS. 

A WMS shall be chosen based on the criteria that the WMS is operational and can communicate with the GUS.  The WMS may be selected either automatically by the GUS or commanded via the O&M subsystem at the WMS.  The message source selected as the data source shall be reported to all WMSs in the System.  If a selected WMS becomes unavailable (non-operational) based on notification from O&M or if a communication failure is detected, a different WMS shall be selected from those available.  (A communication failure is determined when any two consecutive messages are late, have an indication of being corrupted, or did not arrive.)  If no WMSs are available then the broadcast WAAS message shall be set to the Null message (Type 63) or a Loss Message (Type 6 with an invalid CRC).

3.2.1.2.22 WAAS Message Processing

The GUS-Type 1 shall receive WAAS messages once per second from all WMSs.  Messages from the selected WMS data source shall be validated for Time of Applicability (TOA) and correct CRCs. Only a valid WAAS message received from the selected WMS data source shall be FEC encoded.  The preamble of the messages sent to the GEO satellite shall be synchronized with the GPS subframe epoch.  If the GUS-Type 1 is operating as Primary and the received message fails the CRC validation for either the 24-bit or the 32-bit CRC or the TOA validation, a Loss Message shall be sent.  The Loss Message CRC shall be computed as follows:

a. If the message preamble is 01010011, set the CRC to 0x90A987 (hex);

b. If the message preamble is 10011010, set the CRC to 0xF4B487 (hex); and 

c. If the message preamble is 11000110, set the CRC to 0xA7D90D (hex).

If the GUS-Type 1 is operating as Backup and any of these conditions occur, the Null Message shall be generated for its selected WMS.

The generation of all preamble, CRC and FEC bit streams shall be performed as part of the Safety Computer application software and execute on the safety processor platform.

3.2.1.2.22.1 Message Validation

CRC validation shall be performed for each time stamped WAAS message received from the selected WMS data source.  The CRC validation shall be as follows.

CRC shall be computed for the time stamped WAAS message and if the computed 24-bit CRC and 32-bit CRC are both valid then the time stamped WAAS message is considered CRC validated.

TOA validation shall then be performed for each time stamped WAAS message that passes CRC validation.  If the time of arrival of the time stamped WAAS message at the GUS-Type 1 plus the GUS-Type 1 Processor TOA processing allowance (an OSP) is less than the output message TOA, then the time stamped WAAS message shall be considered TOA validated.

3.2.1.2.23 SIS Message Generation

The data rate shall be 250 bits per second.  Forward error correction (FEC) shall be employed where the data is continuously encoded with a rate ½ convolutional code with constraint length 7 (see Figure 3.2-2).  WAAS messages are expected to be broadcast with rates shown in 

Table 3.2‑3
.  The GUS shall broadcast each ALARM message on the next epoch, independent of broadcast rates.

Table 3.2‑3
WAAS Message Transmissions

	Data Type
	Associated Message

Type
	Associated Entity
	Maximum Update

Interval

	Don’t Use GEO Data

(in TEST mode)
	0
	GEO Satellite
	6 sec

	PRN Mask
	1
	All Satellites
	60 sec

	Fast Corrections
	2-5
	All Satellites
	6 sec

	UDRE Integrity

Information
	6
	All Satellites
	1 sec *

	UDRE Degradation
	7
	All Satellites
	120 sec

	Estimated RMS Error
	8
	All Satellites
	120 sec

	GEO Navigation
	9
	GEO Satellites
	120 sec

	Degradation Function
	10
	All Satellites and IGPs
	300 sec

	UTC/WNT Offset
	12
	- -
	300 sec

	GEO Satellite Almanac
	17
	GEO Satellite
	300 sec

	Ionospheric Grid Mask
	18
	All IGPs
	300 sec

	Mixed Fast/Long –Term

Correction
	24
	All Satellites
	6 sec **

	Long-Term Correction
	25
	All Satellites
	120 sec

	Ionospheric Correction
	26
	IGP
	300 sec

	Time to Alarm
	62
	GEO Satellite
	Upon Request

	Null Message
	63
	GEO Satellite
	As needed ***

	*     Type 6 is sent as an alarm condition only when the total SV alarms exceed the number of
       satellites that can be scheduled in a single Fast Correction message (Types 2-5 or Type 24)
       

**   Type 24 is sent instead of Types 2-5, under certain conditions


***  Null messages are used to ensure that the WAAS message stream is continuous and minimizes
        switching between WMSs


Message Format
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The block format for the 250 bits per second data rate shall be as shown in Figure 3.2‑1.  A block is defined as the complete 250 bits, while a message is defined as the 212 bit data field. The start of the first 8-bit part of every other 24-bit distributed preamble shall be synchronous with the 6-second GPS subframe epoch to within the overall WAAS performance requirements. The block transmission time shall be one second. Any message type can occur in any given one-second interval.

Figure 3.2‑1
WAAS Message Format

3.2.1.2.23.1.1 Message Preamble

A preamble shall be computed for the transmitted WAAS message from the selected WMS data source and placed in the message.  The preamble shall be a 24-bit unique word, distributed over three successive blocks.  The three 8-bit words of the preamble shall be made up of the sequence of bits – 01010011 10011010  11000110.

3.2.1.2.23.1.2 CRC Parity

A twenty-four bit CRC parity shall be computed for the transmitted WAAS message from the selected WMS data source and placed in the message.  (Twenty-four bits of CRC parity provide protection against burst as well as random errors with a probability of undetected error < 2-24 (= 5.96x10-8) for all channel bit error probabilities < 0.5.)  The CRC word shall be calculated in the forward direction on the entire bit-oriented message, including the block header containing the preamble and message type identifier, using a seed of 0. The sequence of 24 bits (p1,p2,…., p24) shall be generated from the sequence of information bits (m1,m2,….m226). This shall be done by means of a code that is generated by the polynomial
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This code is called CRC-24Q (Q for Qualcomm Corporation).  The generator polynomial of this code is in the following form (using binary polynomial algebra):
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where p(X) is the primitive and irreducible polynomial
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When, by the application of binary polynomial algebra, the above g(X) is divided into m(X)X24, where the information sequence m(X) is expressed as
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the result is a quotient and a remainder R(X) of degree <24.  The bit sequence formed by this remainder represents the parity check sequence.  Parity bit 
[image: image15.wmf]i

p

, for any i from 1 to 24, is the coefficient of X24-i in R(X).

This code has the following characteristics:

a.
It detects all single bit errors per code word

b.
It detects all double bit error combinations in a codeword (because the generator polynomial g(X) has a factor of at least three terms)

c.
It detects any odd number of errors (because g(X) contains a factor 1+X)
d.
It detects any burst error for which the length of the burst is < 24 bits

e. It detects most large error bursts with length greater than the parity length r=24 

bits. The fraction of error bursts of length b>24 that are undetected is:

1.
2-24 = 5.96 x 10-8, if b > 25 bits

2.
2-23 = 1.19 x 10-7, if b = 25 bits

An example message (a Message Type 2) with passed parity is given as follows:

Preamble, Message ID, IODF, IODP:





Binary: 11, followed by Hex: 1824


13 corrections: 
Hex: 003/c00/3c2/200/03f/4bc/000/3c0/03c/003/c00/03f/fd8


12 UDREIs:

Hex: 0003cb240003f


Parity:


Hex: a0f7dd

3.2.1.2.23.1.3 FEC Encoding

FEC encoding of the selected WAAS message shall be performed prior to transmission of the message at the next 1-second epoch to the WAAS signal generator.  The FEC convolutional coder shall be of type (2,1,6) which defines the encoder as a one-input, two-output linear sequential circuit with input memory of six as shown in Figure 3.2-2.  The FEC encoder shall use constraint length K=7 convolutional as standard for Viterbi decoding with the G2 polynomial X6+X5+X3+X2+1 and the G1 polynomial X6+X3+X2+X+1.  The data block (WAAS message) shall be transmitted to the GEO so that this block is coherent with the one-second epoch of the GPS time, i.e., when the first symbol of the encoded data block leaves the GEO.  (The User’s convolutional decoder delay is a function of the particular algorithm utilized (nominally 5 constraint lengths or 35 bits) and must be compensated for by the User in order to determine time from the received signal.)  This timing is shown in Figure 3.2‑3.


Figure 3.2‑2
FEC Convolutional Encoder


Figure 3.2‑3
FEC Timing Relationships

3.2.1.2.24 GUS-Type1 Clock Steering 

The GUS-Type 1 clock shall be steered to WAAS Network Time (WNT).  (The stability of the GEO downlink clock is relatively high, but even with this high stability, the signal may drift significantly with time. Clock steering will help avoid having to reinitialize the GUS timing due to clock drift.)  A clock frequency adjustment output, 
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to the GUS-Type 1 clock frequency to steer the clock to the WNT time.

3.2.1.2.24.1 Primary GUS Clock Steering

At the Primary GUS, the clock steering capability shall receive discrete values of the input parameter 
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, GEO satellite time offset, from the selected WMS.  The clock frequency adjustment 
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 shall be calculated using these 
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 GEO time offset values along with additional input parameters.  The range determined from the WAAS Type 9 Message is called the ‘true range’ and the range residual shall be determined by subtracting the true range and the Sagnac effect from the measured estimated range.  (This range residual is attributed to the clock drift.)

Determination of the GUS clock frequency shall be as follows.
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is the frequency adjustment estimate to be applied at 
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 to the GUS clock frequency to steer the clock to WNT time


[image: image25.wmf](

)

0

k

at


is the GEO time offset at time 
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 at the Primary provided by WMS and contained in the Type 9 Message. GEO time offset is only used as a sample input whenever the TOA value in the Type 9 Message indicates an update has been made.
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is the mean of N previous discrete 
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N

is the number of 
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 data samples collected
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is the time variable which is coincident with the beginning of collecting 
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 data samples. The last 
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 sample time is the time at which the clock steering control factor 
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 will be applied to the GUS clock frequency.

T
is the time period for collecting 
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 data before calculating the clock frequency adjustment 
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 (clock steering data interval OSP)
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are parameters for optimizing the clock steering algorithm (clock steering alpha and clock steering beta are SSPs)

3.2.1.2.24.1.1 GUS-Type 1 Switchover

When a GUS-Type 1 switchover occurs, the old Primary GUS signal shall be radiated into a dummy load and the new Primary GUS shall uplink its signals.  There is always a GEO SIS loss during this transition.  When the new Primary GUS acquires the GEO L1 signal from its own uplink, the new GEO pseudorange (both L1 and L5 for the GUS) is different than the projected pseudorange based on the one when the original GUS was Primary.  The amount of difference is called pseudorange jump.  The amount of pseudorange jump in GUS switchovers varies from less than 10 meters to more than 1000 meters.  The control loop in the new Primary GUS shall adjust its uplink code compensation so that the GEO pseudorange and signal generator range reach equilibrium at steady state.  (All the WRSs in view of the GEO see approximately the same amount of pseudorange jump.  As a result of this, WMS orbit determination observes a GUS clock error change.  The size of this clock error change is approximately half of the amount of pseudorange jump before the GUS compensation starts.)

If the WMS estimated GUS clock error as a result of the pseudorange jump exceeds a certain bound (250m) while the GEO position covariance is still small, WMS will declare that the GEO is in maneuver.  Once a GEO maneuver is declared, WMS will set the URA (User Range Accuracy) field in the Type 9 message to 15 (accuracy not available).  When URA is set to 15, the Primary GUS-Type 1 shall stop use of the Type 9 message ao term for clock steering and shall continue to send the last clock steering command to its cesium clock.  If Type 9 message URA is set to 15 for 1.5 consecutive hours (OSP) the GUS shall reset the clock steering command to zero.  (This means that the cesium clock in the GUS will be steered with the last valid command from the GP for 1.5 hours, then the frequency will be set to nominal and drift freely.  Without closed loop clock steering, the GUS clock error change observed by the WMS will not be eliminated. WMS repetitively declares the GEO maneuver state so long as the GUS clock error is outside the 250m bound.)

3.2.1.2.24.2 Backup GUS-Type 1 Clock Steering

At the Backup GUS the receiver clock shall be steered using the observed range residual to the GEO at the Backup.  The Backup clock frequency, 
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, shall be determined using the same formulation as the Primary GUS but the range residual parameter, 
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, is computed based on the Backup GUS estimated range to the GEO and the expected range based on the GEO ephemeris message.
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where
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is the range estimate from the Backup GUS Kalman filter
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is the expected range to the GEO based on ephemeris and the known location of the GUS antenna phase center
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 is the correction for the Sagnac effect

The pseudorange offset correction after the GUS-Type 1 transitions from Backup to Primary shall be set equal to the difference between the measured pseudorange after the SIS is reacquired (once the GUS is Primary) and the projected range based on the last Kalman filter estimated range (obtained while still in Backup).  This pseudorange correction shall be applied to the Kalman estimator and code control law at steady state so the GUS-Type 1 then compensates for 100% of this pseudorange offset between Backup and Primary (and the WMS orbit estimator will not observe a GUS clock error discontinuity).  The WMS orbit estimator waits for 10 min. after it receives notice that the Backup GUS has established loop lock before using GEO measurements.

3.2.1.2.25 GUS-Type 1 RF Performance Requirements

The GUS-Type 1 shall receive navigation messages from the WMS, modulate the WAAS messages on a GPS-type ranging signal and broadcast the WAAS L1 and l5 Signals in Space to Users through its associated GEO satellite. Functions performed shall include:

a. Convert baseband WAAS message signals to the uplink frequencies, amplify, and transmit the signal(s) to the GEO satellite,

b. Receive signals from the GEO satellite,

c. Provide uplink interference protection, and

d. Supply RF uplink status and performance data.

3.2.1.2.25.1 RF Operating Environment

(Tables, figures to be extended to include L5)

3.2.1.2.25.1.1 Continuous Wave (CW) Interferer Above 5 Degrees Elevation

After initial signal acquisition and steady-state operation has commenced, the GUS-Type 1 shall meet all signal processing requirements in the presence of out-of-band interfering signals that do not exceed the minimum desired signal power by more than the levels shown in Table 3.2‑4, which are functions of interfering signal frequency.  Figure 3.2‑4 describes the out-of-band I/S rejection for the GPS/WAAS signals corresponding to Table 3.2‑4.
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Figure 3.2‑4
Interference-to-Minimum Desired GPS/WAAS Signal (I/S)  Tolerance

Table 3.2‑4
Out-of-Band Rejection Characteristics Above 5 Degrees

	Frequency, f (MHz)
	Total Interference/Minimum Desired Signal Power Ratio (I/S)

	f ( 1181.1
	( 100 dB

	1181.1 ( f ( 1217.6
	+100 - 2*(f- 1181.1) dB

	1237.6 ( f ( 1274.1
	+27 + 2*(f- 1237.6) dB

	1274.1 ( f ( 1530.42
	( 100 dB

	1530.42 ( f ( 1565.45
	+100 - 2*(f- 1530.42) dB

	1585.42 ( f ( 1630.42
	+30 + 2*(f- 1585.42) dB

	1630.42 ( f
	( 120 dB


3.2.1.2.25.1.2 Interferer Above 5 Degrees Elevation

After initial signal acquisition and steady-state operation has commenced, the GUS-Type 1 shall meet all signal processing requirements in the presence of in band interfering signals that do not exceed the minimum desired signal by more than the levels shown in Table 3.2‑5 as a function of interfering signal bandwidth.

Table 3.2‑5
In Band Rejection Characteristics Above 5 Degrees

	Signal Type
	Interference Bandwidth (Hz)
	Total Interference/Minimum Desired Signal Power Ratio (I/S)

	L1 -C/A
	0<BW<600
	16 dB

	L1 -C/A
	600<BW<1,000
	21 dB

	L1 -C/A
	1,000<BW<10,000
	21+ 6log10(BW/1000) dB

	L1-C/A
	10,000<BW<100,000
	27 + 3log10(BW/10000) dB

	L1 -C/A
	100,000<BW
	30 dB

	L2-P(Y)
	A11
	27 dB


3.2.1.2.25.1.3 CW Interferer Below 2.5 Degrees Elevation

No out-of-band CW interference with I/S up to 10 dB above the interfering power ratio in Table 3.2‑4 for the appropriate interfering frequency and arriving from an elevation angle of less than or equal to 2.5 degrees shall preclude the GUS-Type 1 from meeting all signal processing requirements.

3.2.1.2.25.1.4 Interferer Below 2.5 Degrees Elevation

No in-band interference with I/S up to 10 dB above the interfering power ratio in Table 3.2‑5 (for the appropriate interfering bandwidth) and arriving from an elevation angle of less than or equal to 2.5 degrees shall preclude the GUS from meeting all signal processing requirements.

3.2.1.2.25.1.5 CW Interferer Between 2.5 and 5 Degrees Elevation

No out-of-band CW interference arriving from an elevation angle between 2.5 and 5 degrees, and with total I/S less than or equal to a value linearly interpolated (in dB) between the requirements in Table 3.2‑4 at 5 degrees and 10 dB above the values in Table 3.2‑4, Out-of-Band Rejection Characteristics Above 5 Degrees, at 2.5 degrees (for the appropriate interfering bandwidth) shall preclude the GUS-Type 1 from meeting all signal processing requirements.

3.2.1.2.25.1.6 Interferer Between 2.5 and 5 Degrees Elevation

No in-band interference arriving from an elevation angle between 2.5 and 5 degrees, and with total I/S less than or equal to a value linearly interpolated (in dB) between the requirements in Table 3.2‑5 at 5 degrees and 10 dB above the values in Table 3.2‑5 at 2.5 degrees (for the appropriate interfering bandwidth) shall preclude the GUS-Type 1 from meeting all signal processing requirements.

3.2.1.2.25.2 Transmit Channel Characteristics  

The current WAAS design is used as basis for the following requirements, however, alternative requirements can be substituted if the Contractor selected architectural approach can be shown to satisfy the SIS requirements of 3.2.1.2.

3.2.1.2.25.2.1 Transmit Channel Time Delay

The transmit channel time delay shall be less than 1 millisecond with an uncertainty of less than 1 nsec rms over times less than 2 seconds.

3.2.1.2.25.2.2 Transmit Channel Coherency

The transmit channel local oscillators shall be phaselocked to the frequency reference in the GUS-Type 1.

3.2.1.2.25.2.3 Transmit Channel Harmonic Signals

The total EIRP of any harmonic signal below 40 GHz generated by the navigation carriers shall not exceed 20 dBW.

3.2.1.2.25.2.4 AM/PM Conversion

The total AM/PM conversion shall not exceed 2.5 degrees/dB at the operational output power of the GUS-Type 1.

3.2.1.2.25.2.5 Phase Linearity

The phase linearity shall be ± 0.1 radian over 4 MHz (Threshold), 20 MHz (Objective) centered at nominal L1 operating frequency. The phase linearity shall be + 0.1 radian over 20 MHz centered at the L5 operating frequency.

3.2.1.2.25.2.6 Gain Flatness

The gain flatness shall be ±1 dB over 4 MHz (Threshold), 20 MHz (Objective) centered at nominal L1 operating frequency. The gain flatness shall be + 1 dB over 20 MHz centered at the L5 operating frequency.

3.2.1.2.25.2.7 EIRP

The GUS-Type 1 shall provide for an increase in the transmit EIRP of up to 10 dB from the nominal EIRP.

3.2.1.2.25.2.7.1 Sidelobes (Ref. ITU-R Recommendation 465-2)

At angles greater than 1o from the main beam axis, and at any frequency within the transmit passband, no more than 10% of the sidelobe peaks shall exceed an envelope described by the following expressions:

G = 32-25 log10 
[image: image45.wmf]q

 dBi 

 
(1 < 
[image: image46.wmf]q

 < 48)

G = -10 dBi




(
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 > 48)

where G is the antenna gain in dB relative to isotropic at angle 
[image: image48.wmf]q

, in degrees, from the main beam axis.  This requirement shall apply to sidelobes occurring within ±5 degrees of the geostationary arc with the antenna pointed towards any location on the geostationary arc visible to the GUS-Type 1.

3.2.1.2.25.2.7.2 Transmitted EIRP Density in Antenna Sidelobes (Ref. ITU-R Rec. 524-2)

The EIRP density in any direction within 3 degrees of the geostationary satellite orbital arc, at the indicated off-axis angle, shall satisfy Table 3.2‑6.

Table 3.2‑6
Antenna Sidelobe EIRP Constraints

	Off-axis angle - degrees
	EIRP - dBW per 4 kHz

	2.5 < 
[image: image49.wmf]q

 < 7 
	32 – 25 log10 
[image: image50.wmf]q

 

	7 < 
[image: image51.wmf]q

 < 9.2 
	+11

	9.2 < 
[image: image52.wmf]q

 < 48 
	35 – 25 log10 
[image: image53.wmf]q

 

	48 < 
[image: image54.wmf]q

 < 180 
	-7


In the calculation of this EIRP density, it may be assumed that the PRN modulated signal density in 4 kHz is -24 dB from the total EIRP.

In addition, each GUS-Type 1 must meet its appropriate national and international regulatory and licensing requirements regarding permissible transmitted power spectral density levels towards the local horizon, at all EIRP values for which the GUS-Type 1 is designed and authorized and all possible antenna pointing directions.

3.2.1.2.25.2.7.3 Antenna Steerability and Tracking

The antenna shall be capable of tracking a satellite in nominal geostationary orbit. The maximum expected deviation by this satellite from its nominal position will be ±1 degree longitude and 7 degrees in inclination. The antenna shall be capable of being pointed to any location on the geostationary arc visible to the GUS-Type 1 and be capable of tracking the satellite movements to an accuracy such that the EIRP stability requirement is met.

The antenna tracking system shall be capable of tracking degraded (past design life) geosynchronous satellites with orbital inclinations of at least 7 degrees.

3.2.1.2.25.2.8 Transmit Phase Noise

The total phase noise induced on an unmodulated uplink test carrier transmitted by the GUS-Type 1 shall have a single sided power density spectrum in which each sideband, above and below the carrier, shall not exceed the following limits:

4 ‑ 10 Hz from fc: 


‑25 ‑30 log10 fm dBc/Hz

10 ‑ 100 Hz from fc: 


‑35 ‑20 log10  fm dBc/Hz

100 Hz ‑ 1000 Hz from fc: 

‑55 ‑10 log10  fm dBc/Hz

> 1000 Hz:



‑85 dBc/Hz

where fc is the carrier frequency and fm is the separation between fc and the measurement frequency.

If any discrete phase noise components are present, at a level which exceeds the mask, the sum of the discrete phase noise components and continuous spectral component integrated over a bandwidth of ±10 Hz on either side of the discrete component shall not exceed the phase noise mask.

3.2.1.2.25.2.9 Transmit Signal Level Stability

Under typical weather conditions prevailing at the GUS-Type 1 location, the EIRP of any transmitted signal in the direction of the satellite shall be maintained to within   ±0.7 dB of the value specified with a probability of 0.95. This tolerance includes all factors such as transmitter RF power level‑setting accuracy and instability, antenna transmitting gain instability, antenna beam pointing error, and antenna gain variation caused by tracking.

3.2.1.2.25.2.10 Transmit Frequency Tunability

The GUS-Type 1 RF transmitting equipment shall accommodate the full range of uplink Doppler shift for up to ± 7 degrees of orbital inclination, with an additional ±1 kHz allowance for frequency translation errors.

3.2.1.2.25.2.10.1 Transmit Frequency for Test

The GUS-Type 1 RF uplink band navigation signal transmitting equipment shall also be capable of operating with test signals in the satellite communications uplink feeder band, as well as the navigation payload uplink frequency, for system testing and development purposes.

3.2.1.2.25.2.10.2 Transmit Frequency Accuracy

The transmit frequency of the navigation signals shall be within ±100 Hz of the required frequency, in the absence of the closed loop Doppler compensation.

3.2.1.2.25.2.11 GEO Uplink Protection

3.2.1.2.25.2.11.1 RF Interference Protection

The GUS-Type 1 shall ensure that the signal transmitted to the GEO satellite is protected from unintentional interference up to 10 dB above established normal radiated power.  The GUS-Type 1 shall be capable of increasing uplink EIRP upon detection of uplink interference.  Uplink interference shall be detected by the GUS-Type 1 as simultaneous degradation in Carrier to Noise Density (C/No) of greater than 1.5 dB on both L1 and L5 downlink signals.

3.2.1.2.25.2.11.2 HMI Protection

The GUS-Type 1 shall not increase the probability that Hazardously Misleading Information (HMI) is broadcast to a User in the presence of unintentionally interfering signals that are no more than 10 dB above established normal radiated power.

3.2.1.2.25.3 L Band Receive

3.2.1.2.25.3.1 Passband 

The L1 receive passband (3 dB points) shall be 1565.2 - 1585.6 MHz. The L5 receive passband (3 dB points) shall be 1166.45 – 1186.45 MHz.

3.2.1.2.25.3.2 Received L Band G/T

The L band G/T in the direction of the satellite over the entire receive passband under clear sky and average wind conditions shall provide a C/No of at least 62 dB-Hz and be met with the transmitter operating at maximum output power and shall include losses due to pointing errors and antenna polarization misalignment.

3.2.1.2.25.3.3 L Band Antenna 

3.2.1.2.25.3.3.1 Polarization

The antenna shall be right hand circularly polarized. Polarization sense is defined in ITU-R Recommendation 573.

3.2.1.2.25.3.3.2 Pointing and Tracking

The antenna shall be capable of being pointed to a satellite nominally at any location in the geostationary arc visible to the GUS-Type 1 uplink. The maximum expected deviation of a satellite from its nominal position is ±1 degree longitude and 7 degrees in inclination.

3.2.1.2.25.3.4 Receive Channel Time Delay

The L1 and L5 receive channel time delay shall be less then 1 millisecond with an uncertainty of less than 1 nsec rms over times less than 2 seconds.

3.2.1.2.25.3.5 AM/PM Conversion

The total AM/PM conversion in L1 and L5 shall not exceed 2.5 degrees/dB in each channel.

3.2.1.2.25.3.6 Phase Linearity

The phase linearity shall be ± 0.1 radian over 4 MHz (Threshold), 20 MHz (Objective) centered at the nominal L1 operating frequency. The phase linearity shall be + 0.1 radian over 20 MHz centered at the nominal L5 operating frequency.

Gain Flatness

The gain flatness shall be ±1 dB over 4 MHz (Threshold), 20 MHz (Objective) centered at the nominal L1 operating frequency. The gain flatness shall be + 1 dB over 20 MHz centered at the nominal L5 operating frequency.

3.2.1.2.25.3.7 Receive Channel Coherency 

The L band receive channel local oscillators shall be phaselocked with the reference supplied by the GUS-Type 1.

3.2.1.2.25.4 Built-in-Test Capabilities

3.2.1.2.25.4.1 RF/IF Test Capabilities

The GUS-Type 1 shall be equipped with suitable test access points to allow measurement of at least the following signal parameters:

a.
Absolute carrier power,

b.
Center frequency of received L band signals, and 

c.
C/No of received L band signals.

Locations of the test access points and the measurement methods employed shall permit determination of the absolute values of these parameters to an accuracy sufficient to ensure that all transmitted carriers meet the EIRP and frequency accuracy requirements given in the appropriate sections of this specification.

3.2.1.2.25.4.2 Test Translator Requirement

The GUS-Type 1 shall provide a Test Translator to verify operation of the RF uplink and to aid in subsystem maintenance and repair. Input to the translator shall be from a coupler installed as close electrically to the transmit antenna feed as possible.

3.2.1.2.25.4.3 Manual Selection of L band LNA Assembly Output

The L band LNA assembly shall provide the capability for manual input selection between the RF Antenna or the Test Translator L1 and L5 output.

3.2.1.2.25.4.4 Delay Calibration Requirement

Documentation shall be provided which describes the calculation of path transmission delays for the transmit, and L band receive paths quoting as appropriate installation and manufacturer's data and measurements using the Test Translator. Precise relative positions of the signal phase centers of the antenna L band receive feeds shall be obtained using GPS or conventional surveying techniques.

3.2.2 Physical Characteristics

3.2.2.1 Electrical Characteristics

All GUS-Type 1 equipment shall meet the requirements of FAA-G-2100F, paragraph 3.1.2, prior to installing the GUS-Type 1 components. If Commercial-Off-The-Shelf (COTS) equipment is chosen, the requirements in FAA-G-2100F, paragraphs 3.1.2.5 through 3.1.2.6.2 and paragraph 3.1.2.8 do not apply.

3.2.2.1.1 Electrical Power and Termination Characteristics

GUS-Type 1 equipment shall operate on 60 Hz three-phase 120/208V + 10% power or shall operate on 60 Hz single phase 120V + 10% power from Alternating Current (AC) power panels.

3.2.2.1.2 Standby Power

The GUS-Type 1 equipment shall provide standby power and shall have the capability to operate with standby power for at least four hours (without interruption) for each occurrence that standby is utilized.

3.2.2.1.3 Facility Grounding 

Facility grounding, GUS-Type 1 grounding and equipment grounding shall be in accordance with FAA-STD-019, FAA-STD-020 and FAA-G-2100F.

3.2.2.2 Mechanical Characteristics

The GUS-Type 1 components shall meet the applicable mechanical requirements in FAA-G-2100F, Paragraph 3.1.3.  If COTS equipment is chosen, the requirements in FAA-G-2100F paragraphs 3.1.3.1 through 3.1.3.4.4 do not apply.

3.2.2.3 Internal Interfaces

The internal interfaces of the GUS-Type 1 shall conform to industry or government standard interfaces.

3.2.2.4 Flexibility and Expansion

3.2.2.4.1 System Capacity

The GUS-Type 1 shall have a modular design so expansion can be accomplished by the addition of hardware and software.

3.2.2.4.2 Volatile Memory

Under worst case loading conditions, no more than 50% of the total addressable, populated memory locations shall be used during execution or in any program to hold instructions or data.

3.2.2.4.3 Nonvolatile Memory

Nonvolatile memory includes such items as programmable read-only memory, electrically programmable read-only memory, and nonvolatile random-access memory. Nonvolatile memory embedded in any GUS-Type 1 computer equipment shall be capable of expansion with no effect on form, fit, or interface factors.

3.2.2.4.4 Memory Increase Capability

It shall be possible to increase the total amount of each type of memory by 100%.

3.2.2.4.5 Processing Speed

Each processor in the GUS-Type 1 that executes software in support of system performance requirements shall use no more than 70% of the processor’s throughput capability under worst case conditions.

3.2.2.5 Antenna Phase Center Location Accuracy

The location of the phase center of each antenna used by WAAS for reception of GPS and GEO signals shall be determined, relative to a local monument or a Continuously Operating Reference Station (CORS), to a 95% horizontal accuracy of 1 cm GPS and a 95% vertical accuracy of 2 cm GPS.

3.2.3 Reliability & Maintainability

3.2.3.1 Mean Time Between Failure

Each GUS-Type 1 shall have a minimum Critical Mean Time Between Failure (CMTBF) of 4500 hours and a Series Mean Time Between Failure (SMTBF) of 3000 hours.

3.2.3.2 Maintenance During Normal Operation

The GUS-Type 1 shall be capable of operation in the operational state without additional degradation of performance during all periods that corrective maintenance is being performed. GEO corrective maintenance is excluded for this requirement.

3.2.3.3 Mean Time to Repair

Each component in the GUS-Type 1 shall exhibit a Mean Time to Repair (MTTR) of not more than 30 minutes including the time required for manual fault isolation, repair, test, and restoration. MTTR includes active corrective maintenance tasks but excludes maintenance task timings for repairs that are not controlled by system design such as GPS acquisition time or warm up and initialization times.  MTTR begins when the maintenance technician arrives at the equipment and ends when the maintenance technician has turned the repaired equipment over to a certifying authority.  The GEO satellites are excluded from this requirement.  The antenna actuators and high-power amplifiers shall have the following MTTR requirements:

	Equipment
	MTTR

	Antenna Actuators
	12 hours*

	High-Power Amplifiers
	1 hour (worst case repair time = 8 hours)**


*
This MTTR assumes that a crane is on site to lift the antenna so that the actuators can be removed and replaced.

**
If the high-power amplifiers in the GUS-Type 1 are redundant. Corrective maintenance or periodic maintenance activities on a high-power amplifier would not cause an outage of the GUS due to this redundancy.

3.2.3.4 Initialization Time

A Failure of GUS-Type 1 software shall have a maximum reinitialization time for each component of 10 minutes. Initialization time is defined as the time from power ON to an available operating system User prompt.

3.2.3.5 Periodic Maintenance Service Interruptions

Periodic maintenance shall not require WAAS service interruption.

3.2.3.6 Periodic Maintenance Interval

The minimum interval for periodic maintenance for each component in the GUS-Type 1 shall be greater than 2,190 hours (quarterly). The GEO satellites are excluded from this requirement.

3.2.3.7 Periodic Maintenance Tasks

Periodic maintenance shall be limited to cleaning, inspecting, adjusting and replacing parts in accordance with their service life expectancy or as found necessary during inspection. The GEO satellites are excluded from this requirement.

3.2.3.8 Periodic Maintenance Time

Periodic maintenance shall not cause more than 8 hours of GUS-Type 1 outage per year. The antenna is excluded from this requirement for the maintenance period(s) associated with painting of the antenna.  The GEO satellite is excluded from this requirement.  (The GUS-Type 1 antenna reflector is estimated to require 12 hours of periodic maintenance every 5-8 years for painting. The actual period will depend on environmental conditions at the site.)

3.2.3.9 Redundant Equipment Switching

Where redundant equipment is incorporated to provide the required availability, switching to the backup element shall be automatically accomplished in less than one (1) second to maintain WAAS SIS performance.

3.2.3.10 Standby to Operational Switching

The GUS-Type 1 shall be capable of switching from a standby state to an operational state within ten (10) milliseconds.

3.2.3.11 Security

The GUS-Type 1 shall provide three levels of computer security in the form of User IDs, passwords and privilege levels to protect against unauthorized access in accordance with FAA Order 1600.54B.

3.2.3.12 Degradation Protection

The GUS-Type 1 shall protect against the inadvertent degradation of GUS-Type 1 performance by authorized personnel.

3.2.4 Environmental Conditions

3.2.4.1 Interior Equipment Design Ranges

3.2.4.1.1 Attended Interior Equipment Design Ranges

The GUS-Type 1 equipment that will be operated inside of attended facilities shall meet the environmental conditions specified in Environment I in FAA-G-2100F, Table III of paragraph 3.2.1. If COTS equipment is chosen, the requirements in FAA-G-2100F, paragraphs 3.2.1.4 through 3.2.1.5 do not apply.

3.2.4.1.2 Unattended Interior Equipment Design Ranges

The GUS-Type 1 equipment that will be operated inside of unattended facilities shall meet the environmental conditions specified in Environment II in FAA-G-2100F, Table III of paragraph 3.2.1.  If COTS equipment is chosen, the requirements in FAA-G-2100F, paragraphs 3.2.1.4 through 3.2.1.5 do not apply.

3.2.4.2 Exterior Equipment Design Ranges

The parts of the GUS-Type 1 components that will be operated outside of the facility shall meet the environmental conditions specified in Environment III in FAA-G-2100F, Table III of paragraph 3.2.1. If COTS equipment is chosen, the requirements in FAA-G-2100F, paragraphs 3.2.1.4 through 3.2.1.5 do not apply.

3.2.4.3 Noise Requirement

The GUS-Type 1 shall be designed to operate in Equipment Areas as defined by paragraph 3.3.7.1.2 of FAA-G-2100F. Equipment areas may be either manned or unmanned. Equipment located in general work areas shall not exceed 65 dB(A).

3.2.5 Transportation and Handling

3.2.5.1 Handling

LRUs shall be able to be removed, replaced and transported by maintenance personnel.

3.2.5.2 Shipping

Each LRU shall be able to be shipped by commercial air freight.

3.3 Design and Construction

3.3.1 Materials, Processes and Parts

In so far as possible, all equipment and material shall be standard products of manufacturers regularly engaged in the production of such equipment and material, and shall be subject to the characteristics and approval requirements stated elsewhere in this Specification.

3.3.2 Electromagnetic Radiation

3.3.2.1 Electromagnetic Exposure Limit

Personnel exposure to electromagnetic radiation from GUS-Type 1 equipment shall be limited to 10mW/cm2 (milliwatt per square centimeter) as averaged over any possible 0.1-hour period for normal environmental conditions and for incident electromagnetic energy of frequencies from 10 MHz to 100 GHz, whether the radiation is continuous or intermittent.


Power density: 10 mW/cm2 for periods of 0.1-hour or more,


Energy density: 1 mW-hr/cm2 during any 0.1-hour period.

3.3.2.2 NDI Equipment

Nondevelopmental Item (NDI) equipment shall conform to applicable Underwriters Laboratories (UL) or other national standards in effect at the time of manufacture.

3.3.2.3 Electromagnetic Compatibility

All GUS-Type 1 electronic equipment capable of emitting radiation between 300 kHz and 100 GHz shall meet the requirements of FAA Order 3910.3.

3.3.3 Nameplates and Product Marking

3.3.3.1 Configuration Item Identification

The GUS-Type 1 equipment shall be selected, identified, labeled, serialized, and marked in accordance with MIL-STD-973 paragraph 5.3.6.

3.3.4 Workmanship

The GUS-Type 1 elements shall be manufactured, assembled and cleaned using commercial workmanship standards consistent with its intended use.

3.3.5 Interchangeability

Assemblies and components that perform identical functions shall be mechanically and electrically interchangeable and be identical. Standardized, commercially available components shall be used whenever possible, particularly for items that require replacement at predictable intervals.

3.3.6 Safety

3.3.6.1 Software Development Requirements

Software is defined as computer programs, procedures, rules, and associated documentation and data pertaining to the operation of the WAAS. Software shall be developed in accordance with FAA-STD-026 in conjunction with RTCA/DO-178B.

3.3.6.2 Computer Memory

A GUS-Type 1 memory shall incorporate error sensing, error reporting, and normal status reporting, which will be consistent with meeting the overall system performance requirements.

3.3.6.3 Fail-Safe, Fail-Soft Operation

The GUS equipment shall meet the fail-safe and fail-soft requirements of FAA-G-2100F, paragraphs 3.2.5 and 3.2.6.

3.3.6.4 Fail-Soft Maintenance Monitor Operation

Remote maintenance shall be designed so that a failure will not otherwise affect GUS-Type 1 equipment operation.

3.3.6.5 Personnel Safety

3.3.6.5.1 Electrical Safety

Physical protection shall be provided to protect personnel from accidental contact with voltages in excess of 30 volts rms or Direct Current (DC) during normal operations or maintenance of the equipment.

3.3.6.5.1.1 Grounding

3.3.6.5.1.1.1 Ground Potential

The design and construction of the equipment shall ensure that all external parts, surfaces, and shields, exclusive of antenna and transmission line terminals, are at ground potential at all times during normal operation.

3.3.6.5.1.1.2 Hinged or Slide-Mounted Panels or Doors

Hinges or slides are not considered adequate grounding paths, therefore doors with hinges or slides shall be grounded by use of a flexible ground strap.

3.3.6.5.1.1.3 Door Grounding Criteria

3.3.6.5.1.1.3.1 Door Grounding Resistance

A ground shall exhibit a resistance of 0.1 ohm or less between the door and the system tie point.

3.3.6.5.1.1.3.2 Door Grounding Capacity

The ground shall have sufficient capacity to ensure reliable, immediate tripping of equipment over-current protection devices.

3.3.6.5.1.2 Guarding of Radio Frequency Voltages

Transmitter output terminals, antennas and other devices that carry sufficient RF voltage that may burn or injure personnel shall be protected from accidental contact.

3.3.6.5.1.3 Shorting Rods

Shorting rods shall be provided with all transmitting equipment where voltages are in excess of 70 volts rms or DC. Transmitting equipment being KPAs and antennas.

3.3.6.5.1.4 High Current Protection

All electrical power buses external to COTS equipment that are capable of supplying 25 amperes or more of current shall be protected from short circuits caused by contact with conducting materials.

3.3.6.5.1.5 Electrical Connectors

3.3.6.5.1.5.1 Exposure to Shock

Connector shall prevent operator exposure to electrical shock or burns when normal disconnection methods are used.

3.3.6.5.1.5.2 Exposed Pins

Exposed pin contacts shall not be energized with hazardous voltages after being disconnected from the socket contacts.

3.3.6.5.1.6 Radiation Hazards and Protection

All electronic equipment capable of emitting radiation between 300 kHz and 100 GHZ shall meet the requirements of FAA Order 3910.3A.

3.3.6.5.1.7 Safety Switches

Safety switches that deactivate associated mechanical drive units shall be provided for the purpose of disconnecting these units without disconnecting other parts of the equipment.

3.3.6.5.1.8 Mechanical Hazards

3.3.6.5.1.8.1 Center of Gravity

The design of rack-mounted equipment using slides shall have mechanisms to prevent the equipment rack from tipping over when one or more of the pieces of equipment are extended.

3.3.6.5.1.8.2 Contact with Moving Parts

Suitable protection shall be provided to prevent personnel contact with moving mechanical parts such as gears, fans and belts when the equipment is in its normal operating configuration.

3.3.6.5.1.8.3 Sharp Projections

Sharp projections on external surfaces shall be avoided.

3.3.6.5.1.8.4 Pull Stops

Provisions shall be made to prevent accidental pulling out of drawers or rack-mounted equipment components.

3.3.6.5.1.9 Cathode Ray Tubes

Cathode ray tubes shall conform to the requirements of UL 1418.

3.3.6.5.2 Markings, Signs, and Symbols

3.3.6.5.2.1 Markings

3.3.6.5.2.1.1 Marking of Access Inhibitors

Guards, barriers, and access doors and covers or plates shall be marked to indicate the hazard which may be present upon removal.

3.3.6.5.2.1.1.1 Marking of Access Inhibitors – Location

Marking shall be located such that it is not removed when the barrier or access door is removed, when possible.

3.3.6.5.2.1.2 Internal Hazard Warnings

Warning of hazards internal to a unit shall be marked next to the hazards if they are significantly different from those of surrounding items.

3.3.6.5.2.1.3 Color-coding of Physical Hazards

Physical hazards shall be marked with color codes in accordance with American National Standards Institute (ANSI) Z 535.1.

3.3.6.5.2.1.4 Center of Gravity Marking

Center of gravity shall be marked on equipment for which the center of gravity is located more than 50% of the distance in any direction from the center of volume of the equipment to the exterior surface envelope.

3.3.6.5.2.2 Accident Prevention Signs and Labels

3.3.6.5.2.2.1 Use of Accident Prevention Signs and Labels

Accident prevention signs and labels shall be used whenever equipment has characteristics or operating conditions which present a hazard to operators, maintainers, or other personnel.

3.3.6.5.2.2.2 Labeling of Hazardous Equipment

Equipment which has such hazards as voltage, current, thermal, physical, laser radiation, or RF radiation associated with operations or maintenance shall be properly labeled.

3.3.6.5.2.2.3 Permanency of Signs and Labels

Signs and labels shall be as permanent as the normal life expectancy of the equipment to which they are affixed.

3.3.6.5.2.2.4 Sign Design

Signs shall be consistent with the design requirements of FAA-G-2100F, paragraph 3.3.6.5.2.2.

Sign Placement

3.3.6.5.2.2.4.1 Sign Purpose

Signs shall be placed so as to be readable from a distance appropriate to alert in sufficient time to avoid the hazard or to take appropriate action.

3.3.6.5.2.2.4.2 Sign Impact

Signs and labels shall be placed as near as possible to the hazard or its control.

3.3.6.5.2.2.4.3 Additional Guidance

MIL-STD-1472 shall be used for additional guidance for general label placement.

3.3.6.5.2.3 Marking of Radioactive Materials

The marking or labeling of commodities containing radioactive materials shall be in accordance with Nuclear Regulatory Commission Rules and Regulations Code of Federal Regulations (CFR), Title 10, Chapter 1, Part 20 and Occupational Safety and Health Administration Regulation CFR, Title 29, Part 1910.96.

3.3.6.5.2.4 Symbols

The following symbols shall be used as applicable:

a. Ionizing radiation hazard – ANSI N2.1,

b. Microwave and radio frequency radiation – FAA Order 3910.3,

c. Laser symbol – CFR, Title 21, Chapter 1, Subchapter J, Part 1040.

3.3.6.5.2.5 Warnings

3.3.6.5.2.5.1 Display Warnings

Video display warnings shall be provided on equipment with associated video displays. The intent of these displays is to warn operations of impending danger, to alert operators to critical system changes or equipment status, or to remind operators of a critical action which must be taken.

3.3.6.5.3 Applicable Standards

NDI equipment shall conform to applicable UL or other national standards in effect at the time of manufacture.

3.3.7 Human Engineering

3.3.7.1 Autonomous Operation

The GUS-Type 1 shall be capable of operating autonomously, without human intervention.

3.3.7.2 Human Engineering of Developed Hardware

The provisions of MIL-STD-46855 shall apply to any newly developed hardware.

4.0 Quality Assurance Provisions

4.1 General

Formal tests and inspections shall be conducted in accordance with the General Testing and Quality Assurance Requirements specified in section 4.2.1. A WAAS Production Acceptance Test and Evaluation (PAT&E) program shall be conducted as specified in section 4.2.2.1 in accordance with the PAT&E Test Plan specified in section 4.2.2.2.

4.1.1 Responsibility for Tests

Responsibilities for performance of tests and inspections of delivered products shall be assigned in the test plans and the Quality Control Program Plan.

4.1.1.1 General Testing and QA Responsibilities

Formal testing is defined to be any testing designated as the means for Government acceptance of a deliverable. The formal test and evaluation program shall meet the following general requirements.

4.1.1.1.1 Test Conduct

All formal testing shall be conducted in accordance with the Quality Control Program Plan, and test plans specified herein.

4.1.1.1.2 Government Witnessing of Testing

The Government shall have the right to witness and approve all formal testing.

4.1.1.1.3 Test Samples

No hand-picking or prescreening of hardware shall be allowed unless it is formally a part of the hardware’s specification and is also approved by the Government.

4.1.1.1.4 Interruption of Tests

Formal tests shall not be interrupted once a test has started except where noted in the approved test procedures.

4.1.1.1.5 Failure Reporting and Tracking

All failures that occur during formal testing shall be documented, tracked, and resolved.

4.1.1.1.6 Regression Testing

Regression testing shall be performed as required by individual test plans and the configuration management requirements.

4.1.1.1.7 Use of Simulation

All formal testing shall be performed using the actual GUS-Type 1 hardware and software except where simulation is required during Developmental Test and Evaluation (DT&E) testing.  Any testing using simulation shall be justified in the Contractor’s Master Test Plan (CMTP) and Software Test Plan (STP) and confirmed during DT&E on the GUS-Type 1.

4.1.2 Special Tests and Examinations

Any special tests and examinations shall be described in the CMTP.

4.2 Quality Conformance Program

4.2.1 Quality Assurance Program Guidance

The quality assurance program shall meet the requirements of FAA-STD-013D, Quality Control Program Requirements.

4.2.1.1 Hardware Quality Control Systems

The quality program shall include a hardware quality control system to monitor all materials and equipment.

4.2.1.2 Hardware Quality Assurance

Hardware qualification testing shall not be required for COTS hardware.

4.2.1.3 Configuration Management

All formal testing shall be performed under the configuration management requirements of FAA-STD-021, Configuration Management, MIL-STD-973, Notice 1, Configuration Management, and FAA Order 1800.8, NAS Configuration Management.

4.2.2 Tests and Examinations

4.2.2.1 Production Acceptance Test Program

A GUS-Type 1 production acceptance test program shall be conducted in accordance with FAA Order 1810.4, "FAA NAS Test and Evaluation Policy" for PAT&E, as interpreted by the PAT&E Plan specified herein, to verify that the requirements of Section 3 of this specification have been met.

4.2.2.2 Production Acceptance Test and Evaluation

PAT&E shall consist of: Factory Acceptance Testing, Site Acceptance Testing, and contract Acceptance Inspections. These tests shall be used to verify the manufacture, installation and checkout of the GUS-Type 1 components.

4.2.2.2.1 Production Acceptance Test and Evaluation Plan

A PAT&E Plan shall be prepared to address requirements pertaining to Factory Acceptance Testing for WAAS program manufactured items, as well as requirements pertaining to Site Acceptance Testing.

4.2.2.2.1.1 Factory Acceptance Testing

The PAT&E Plan shall address requirements pertaining to Factory Acceptance Testing for GUS-Type 1 program manufactured items.

4.2.2.2.1.2 Site Acceptance Testing

The PAT&E Plan shall address Site Acceptance Testing to be conducted on each GUS-Type 1 site to include a communications network test.

4.2.2.2.2 Contractor Acceptance Inspection

The Site Acceptance Testing section of the PAT&E Plan shall address the Contractor Acceptance Inspection.

4.3 Verification Requirements

The Verification Requirements Matrix correlates the segment requirements in Sections 3 and 5 with the quality assurance provisions specified in Section 4.

4.3.1 Definitions

The term "verification" is defined as an activity involving inspection, analysis, computer simulation, demonstrations, or test, either singularly or in combination, to establish that design and/or performance meets or exceeds stated requirements.

An operational procedure or portion thereof shall be considered verified when the actual procedural steps have been applied to deliverable hardware/software and have produced the intended function/result.

4.3.1.1 Verification Methods

The verification method establishes how a given requirement is to be verified.  These methods are:

1)
Inspection -- An observation or examination of an item against the applicable documentation to confirm compliance with the requirements.

2)
Analysis -- Interpretation or interpolation/extrapolation of analytical or empirical data under defined conditions or reasoning to show theoretical compliance with stated requirements.

3)
Computer Simulation -- Use of a computer model, employing appropriate statistical processes, for simulating the functional and/or operational characteristics of an item to verify stated requirements.  This method includes the subsequent analysis of the simulation results obtained.

4)
Demonstration -- Verification of an operational or functional capability by one or more performances before qualified witnesses as designated by the Sponsor.  The demonstration is conducted in accordance with formal procedures.  Instrumentation or data recording beyond that provided indigenously in the element being verified shall generally not be required.  Formal procedures shall be generated for any demonstration.

5)
Test -- Verification or a performance requirement under specific conditions involving the use of instrumentation to acquire and record data.  This method includes the analysis of prerecorded data tapes and subsystem output data.  Formal test procedures are used before qualified witnesses.

4.3.1.2 Verification Level

The verification level establishes the essential configuration for inspections, analyses, simulations, tests, and demonstrations.  The required verification shall be accomplished at the indicated level or higher.  However, elements/units and subsystems may be in the installed configuration and the segment may be tested in major sections or modules if interfaces are properly simulated or coupled.

4.3.1.3 Verification Category

The verification category establishes the sequential satisfaction criteria for segment performance values, the type and nature of test hardware permitted, and the severity of the test regimen.  The following categories apply for the requirements of this specification:

1)
Design Verification -- Early verification that the selected design will adhere to the required performance and interface specification.  This verification is accomplished using engineering models, "breadboards", or prototypes.  Design verification shall be culminated by appropriate design review.

2)
Unit Acceptance Test -- A combination of tests and analyses or other methods to demonstrate that performance at the unit/processing function level adheres to the required performance and interface specifications.  Verification shall be accomplished using Contractor facilities and appropriate signal and interface simulators, equipment test points, and prerecorded signal and environment tapes.

3)
Factory Acceptance Test (FAT) Verification -- A combination of tests and analyses or other methods to demonstrate that the segment adheres to the required performance and interface specifications at the element, function, and/or subsystem level.  Verification shall be accomplished using Contractor facilities and appropriate signal and interface simulators, and prerecorded signal and environment tapes.

4)
WAAS Verification -- A combination of tests, demonstrations, analyses, or other methods to demonstrate System performance with respect to the required performance and interface specifications shall be performed at the site.  Verification shall be accomplished using appropriate signal and interface simulators, and prerecorded signal and environment tapes, as well as by interfacing directly with other segments (as applicable).  

4.3.2 Verification of Performance Requirements

Table 4.3-1 summarizes the verification method, level, and category required for each major numbered paragraph of Paragraphs 3.1 and 3.2.  Where a paragraph is a title or introduction containing no specific requirement, or summarizes requirements that are specified in subordinate paragraphs, a "not applicable" status is indicated in the table.

Table 4.3‑1
Verification Requirements Matrix (being developed)
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5.0 Preparation for Delivery of GUS-Type 1 Equipment

5.1 Packaging of GUS-Type 1 Hardware

5.1.1 Prime Mission Equipment

The Contractor is responsible for the preservation, packaging and packing of all items to be delivered under the terms of this contract in such a manner that adequate protection is provided against corrosion, deterioration and physical damage during shipment and handling from the source of supply to the ultimate destination. The Contractor is fully liable for any damage, deterioration or losses incurred during shipment, handling and installation which is attributable to improper packaging.

5.1.1.1 Spare Parts

All COTS deliverables shall be packaged, packed and mailed or delivered in accordance with MIL-STD-2073-1B, DoD material Procedures for Development and Application of Packaging Requirements, MIL-STD-129L, Marking for Shipment and Storage and FAA Order 4650.22D, Vendor Shipment of Nationally Furnished Project Material.

Common hardware items shall be packaged in multiple unit pack quantities as normally supplied through retail trade channels or in standard commercial unit packed quantities compatible with the unit of issue (i.e., unit of issue is gross) then the unit of package is gross.

When applicable, parts comprising a single set, kit or assembly shall be individually protected and packed together as a single unit in one container and identified. When two or more containers shall be used, they shall be marked 1 of 2, 2 of 2, etc., in accordance with MIL-STD-129.

5.1.2 Software Items

All electrostatic discharge sensitive deliverables shall be packaged in accordance with MIL-STD-2073-1B, Appendix A.

The Contractor shall use standard commercial diskette packing and shipping containers that prevent bending, folding, and other physical damage to the diskettes. The outside of the shipping container shall warn that, “MAGNETIC MEDIA ENCLOSED – DO NOT X-RAY – DO NOT BEND OR FOLD”.

Deliveries of several diskette media to the same address and mail stop at the same time may be consolidated provided that suitable commercial multiple diskette packing and shipping container is used.

5.2 Markings

5.2.1 Hardware Delivered to the FAA

a. The Contractor shall mark each unit container, intermediate container and exterior shipping container of all components, equipment, and spares with the following information:


1. Part Number,

2. Contractor Line Item Number,

3. Contract Number,

4. Description


b. Except for those deliverables identified above, the Contractor shall mark each deliverable item with the name of its firm, the FAA Contract Number, FAA Technical Officer, item identification, quantity of items and notice of partial or final delivery as appropriate. All deliverable items required by this Contract are shipped freight on board destination, with all mailing and transport expenses prepaid.

5.3 Hazardous Material Packaging, Labeling and Shipping

5.3.1 Shipping Laws and Regulations

The Contractor shall package, label, transport, and ship hazardous material or items containing hazardous materials in accordance with all applicable Federal, state, and local laws and regulations, including but limited to current published issues of tariffs and regulations reflecting 40 CFR Articles 100-199, FAA 3.1.3-3, the Explosive Safety Manual AFM 127-100, and Federal Aviation Regulation 103, as amended (e.g., the current Hazardous Materials Regulations of the Department of Transportation; the Official Air Transport Restricted Articles Tariff; Packaging and Handling of Dangerous Materials for Transportation by Military Aircraft, Joint Manual AFM 71-4; and subsequent reissues thereof) and, if applicable, to furnish appropriate Material Safety Date Sheets in accordance with California Hazardous Substances Information and Training Act. The Contractor, prior to each hazardous material shipment, shall notify the FAA of its nature and shipment date by such means of communications as allows for proper preparation for acceptance of delivery by the carrier of the material and identifies same on all shipping documents.

5.3.2 1990 Clean Air Act

The 1990 Clean Air Act Amendments and implementing regulations establish labeling requirements for products manufactured with, containers of, and products containing specific ozone depleting substances. This label shall be “clear and conspicuous”. There is no requirement that suppliers label directly on the hardware. Because labeling hardware may not conform with requirements contained in the technical data package (if any), pertinent to this contract, the FAA prefers that the hardware deliveries under this contract not be labeled, and that alternative labeling be used. The Environmental Protection Agency regulation provides for the use of alternative labeling. Supplemental printed material may also be appropriate, i.e., where the statement would be conspicuous on printed material as it would be on the product. For specific requirements and options on labeling regulations, refer to 40 CFI 82.

6.0 Acronyms/Definitions

6.1 Acronyms

AC

Alternating Current

AF

Airway Facilities

ANSI

American National Standards Institute

BPSK

Binary Phase Shift Keying

C/A

Coarse/Acquisition

C/No

Carrier to Noise Density

CDRL

Contract Data Requirements List

CFR

Code of Federal Regulations

CMBTF
Critical mean Time Between Failures

CORS

Continuously Operating Reference Stations

COTS

Commercial Off-The-Shelf

CSCI

Computer Software Configuration Item

dB

Decibel

dB(A)

Decibels (Audible)

dB/K

Decibel/Degrees Kelvin

dBc

Decibel relative to carrier

dBi

Decibel relative to isotropically radiated power

dBm

Decibel relative to 1 milliwatt

dBW

Decibel relative to 1 Watt

DC or dc
Direct Current

DoD

Department of Defense

DT&E

Development Test and Evaluation

EIRP

Effective Isotropic Radiated Power

EOL

End of Life

FAA

Federal Aviation Administration

FEC

Forward Error Correction

G/T

Gain/Temperature

GCCS

Geostationary Communication and Control Segment

GEO

Geostationary Earth Orbit

GES

Ground-Earth Station

GHz

Gigahertz

GPS

Global Positioning System

GUS

GEO Uplink Subsystem

HMI

Hazardously Misleading Information

HWCI

Hardware Configuration Item

ICD

Interface Control Drawing

IF

Intermediate Frequency

K

Degrees Kelvin

kbps

kilobits per second

kHz

kilohertz

KPA

Klystron Power Amplifier

L1

Radio Frequency Link 1 (GPS)

L2

Radio Frequency Link 2 (GPS)

L5

Radio Frequency Link 5 (GPS)

LHCP

Left-Hand Circular Polarization

LNA

Low Noise Amplifier

LO

Local Oscillator

LRU

Line-Replaceable Unit

Mbit/s

Mega bits per Second

MDT

Mean Down Time

MHz

Megahertz

MOPS

Minimum Operational Performance Standards

ms

Millisecond

MTBF

Mean Time Between Failures

MTTR

Mean Time To Repair

mW

Milliwatt

NAS

National Airspace System

NDI

Nondevelopmental Item

NOC

Network Operations Center

nsec

Nanosecond

O&M

Operation and Maintenance

OSP

Operational System Parameter

PAT&E
Production Acceptance Test and Evaluation

PRN

Pseudorandom Noise

RAIM

Receiver Autonomous Integrity Monitoring

RF

Radio Frequency

RHCP

Right-Hand Circular Polarization

rms

root mean square

RNP

Required Navigation Performance

SIS

Signal-in-Space

SMTBF
Series Mean Time Between Failure

SPS

Standard Positioning Service

SSP

Site Specific Parameter

TCN

Terrestrial Communications Network

TSO

Technical Standard Order

UL

Underwriters Laboratories

USNO

United States Naval Observatory

UTC

Universal Time Coordinated

V

Volt

WAAS

Wide Area Augmentation System

WMS

Wide-area Master Station

WNT

WAAS Network Time

WRS

Wide-area Reference Station

6.2 Definitions

Accuracy

Accuracy is defined as the degree of conformance between an estimated or measured value at a given time and its true value.

Augmentation (of GPS)

Technique of providing the GPS with input information, in addition to that derived from the main GPS constellation in use, that provides additional range (pseudorange) inputs or corrections to, or enhancements of, existing pseudorange inputs. This augmentation enables WAAS to provide performance that is enhanced relative to that possible with the basic GPS satellite information only.

Capability

Capability is defined as a collection of attributes providing the capacity to perform or accomplish a function or group of related functions.

Coverage

Surface area of space volume in which the signals are adequate to permit the User to determine position to a specified level of accuracy.

Critical Failures

Critical failures are defined to be faults that affect GCS performance requirements.

En Route

A phase of navigation covering operations between departure and termination phases.  En route phase of navigation has two subcategories: en route domestic/continental and en route oceanic.

Ephemeris Data

Set of data used to predict satellite location at any time.

Failure (Maintenance)

A failure is defined as the event, or inoperable state, in which any item or part of an item does not, or would not, perform as previously specified.

Fault

A fault is a physical defect or flaw.

Fault Detection

Fault Detection is defined as the automated process of identifying that a detectable fault has occurred and localizing its source as far as possible from operational data.

Fault Diagnostics

Fault diagnostics are the set of procedures that the WAAS operator may use after fault detection has reported a fault to isolate the source of the fault to one LRU 90% of the time and four LRUs the remaining 10% of the time. This process can take a maximum of 10 minutes and is outside the MTTR requirement.

Fault Isolation (Automated)

Same as fault diagnostics.

Fault Isolation (Manual)

Manual fault isolation consists of a maintainer identifying LRUs to be replaced using a combination of available fault diagnostics report information, fault localization equipment-level built-in test, COTS audio and visual indicators, and the Technical Instruction Book. The timing of this process is included in MTTR for corrective maintenance.

Fault Isolation (System)

System fault isolation is composed of automated fault isolation (fault diagnostics) at the system level and manual fault isolation at the equipment level.

Geostationary

An equatorial satellite orbit that results in a constant fixed position of the satellite over a particular earth surface reference point on the equator.

Geostationary Earth Orbit (GEO) Satellite

The communication satellite with a payload that receives the WAAS message from the Ground-Earth-Station and transmits them on the GPS L1 frequency so the appropriately designed User equipment will be able to receive and implement these messages and use the signal as a ranging source.

Geostationary Communication and Control Segment (GCCS)

A GCCS consists of a single GEO satellite and two GUSs that are operationally independent of each other and geographically separated by at least 300 miles. One GUS operates as the Primary uplink to the GEO satellite while the other operates as a hot Backup, radiating into a dummy load.

GEO Uplink Subsystem (GUS)

A GUS consists of signal generation and RF transmission and reception. Two GUSs are associated with each GEO satellite. The GUS generates a GPS-type ranging signal, modulates FEC encoded WAAS messages onto the GPS-type signal, and transmits the signal to the GEO transponder.

Ground-Earth Station (GES)

The satellite ground station that consists of one or more GUSs, commercial and backup power, facilities to house and maintain the equipment, and operations and maintenance personnel. Primary and Backup uplinks for a given GEO satellite will not be located at the same GES.

Hazardously Misleading Information (HMI)

Data that is being used that is invalid.

In Band

In band is defined to include all frequencies between 1217.6 MHz and 1237.6 MHz for the GPS L2-P(Y) signal between 1565.42 MHz and 1585.42 MHz for GPS/WAAS L1-C/A and GPS L1-P(Y), and between 1166.45 MHz and 1186.45 MHz for GPS/WAAS L5 signals.

L band

Portion of the electromagnetic spectrum used by GPS to broadcast its navigation signals. GPS uses multiple L band Links: Link 1 at 1575.42 MHz, Link 2 at 1227.6 MHz, and Link 5 at 1176.45 MHz.

Line-Replaceable Unit (LRU)

A Line-Replaceable Unit (LRU) is defined as an item that may consist of a unit, an assembly (circuit-card assembly, electronic component assembly, etc.), a subassembly, or part that is removed and replaced at the site maintenance level in order to restore the system/equipment to its operational status.

Nonessential Item

A nonessential item is defined as an LRU or its constituent parts whose failure would not prevent the equipment from meeting GUS performance requirements. Examples of nonessential items include: monitors, keyboards pointer devices, printers and cabinet blowers.

Phase of Flight

Periods of navigation with different procedures/criteria, such as en route, terminal approach, and landing.

Probability of HMI

The probability of HMI for the GPS/WAAS SIS is defined as the probability that any active data is invalid. Data is defined to be active from the time of arrival of the last bit of the WAAS SIS message at a User until the time of arrival of the last bit of a subsequent message that supersedes the original.

Pseudorange

The distance between a User and a satellite as measured by the time of travel of the signal that contains several errors sources, such as clock biases, ephemeris predictions, ionospheric/tropospheric delays, etc.

Pseudorange Accuracy

The k-th percent pseudorange accuracy is defined to be the value of the k-th percentile of the distribution of the WAAS-corrected pseudorange error that may occur at the specific location. Note that both the clock and ephemeris correction errors and ionospheric model errors contribute to the accuracy performance throughout the service volume. The 95th percent pseudorange accuracy is provided for a standard WAAS receiver and is used only to define horizontal and vertical position accuracy.

Rate Group

The speed or “rate” at which a packet or “group” of data is transmitted.

Site

A location where WAAS components are installed.

WAAS Messages

The messages the WAAS will broadcast to the GPS aviation Users.

WAAS Signal-In-Space

The WAAS Signal-In-Space is defined as the total of the signals that are broadcast by the WAAS and are available to the aviation Users and meet the WAAS SIS performance requirements.

Wide Area Augmentation System (WAAS)
The total FAA system that is being designed and built to meet the mission needs of ensuring satellite integrity for using GPS for required navigation performance (RNP) in the NAS and of improving accuracy to support precision approaches using GPS augmented with the WAAS.

Wide-area Master Station (WMS)

Data processing sites that process data from multiple WRSs to determine the integrity, differential corrections, and residual errors for each monitored satellite and for each predetermined ionospheric grid point.

Wide-area Reference Station (WRS)
Widely dispersed sites that collect satellite data from GPS and GEO satellites.












































































































































































































































































































































































































































































































_1034577500.unknown

_1034579449.unknown

_1075789528.unknown

_1075795267.unknown

_1075810041.unknown

_1077339006.unknown

_1075810046.unknown

_1075810015.unknown

_1075810021.unknown

_1075810026.unknown

_1075810011.unknown

_1075795225.unknown

_1075795258.unknown

_1075795212.unknown

_1075400012.unknown

_1075787160.unknown

_1075789472.unknown

_1075400108.unknown

_1075373649.unknown

_1075399974.unknown

_1062511103.unknown

_1062511289.unknown

_1075372028.unknown

_1062511176.unknown

_1062510989.unknown

_1034577711.unknown

_1034577880.unknown

_1034577923.unknown

_1034578077.unknown

_1034578166.unknown

_1034577965.unknown

_1034577895.unknown

_1034577733.unknown

_1034577640.unknown

_1034577653.unknown

_1034577612.unknown

_1034576528.unknown

_1034577286.unknown

_1034577325.unknown

_1034577466.unknown

_1034577301.unknown

_1034576758.unknown

_1034576784.unknown

_1034576666.unknown

_1034494434.unknown

_1034494741.unknown

_1034576478.unknown

_1034494503.unknown

_1034494184.unknown

_1034494321.unknown

_1034494058.unknown

