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DEPARTMENT OF TRANSPORTATION

FEDERAL AVIATION ADMINISTRATION

SUBSYSTEM SPECIFICATION

MULTIMODE DIGITAL RADIO

Supporting Programmable VHF Multi-Mode Communication 

Equipment Operating on the Frequencies 

112.000-136.975 Mhz

This Functional Specification describes the performance requirements of the digital radio subsystem, Multimode Digital Radio (MDR), needed to satisfy Segment 1 of the NEXCOM Program. The physical/functional architecture of the NEXCOM equipment described for Segment 1 attempts to maximize the use of existing proven equipment and to be the least disruptive to the NAS architecture in transition. This specification covers only the ground-based radio equipment to be purchased by the FAA. Differences between this document and the latest version of the Mode 3 Standards and Recommended Practices (SARPs) reflect the specific needs of ground stations. Most of the VHF Digital Link (VDL) Mode 3 timing, framing, vocoding, and link management described in the SARPs will be performed by the Radio Interface Unit (RIU) during Segment 1. The MDR will be expected to perform as a Double Side-Band Amplitude Modulated (DSB-AM) radio independently of the RIU. However, a composite MDR/RIU configuration will be tested and fielded as a VDL Mode 3 and DSB-AM compliant system.  The modulation format for UHF frequencies will remain as DSB-AM (25 kHz) for the foreseeable future.  There are no plans to specify or purchase a UHF MDR.
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1 SCOPE

1.1 Identification

This document contains the subsystem specification for the NEXt generation air/ground (A/G) COMmunications (NEXCOM) System VHF radio, intended to be used for A/G voice and data communications. This specification describes the features and performance required by the NEXCOM System radio equipment to satisfy Segment 1 of the NEXCOM Program. The physical/functional architecture of the NEXCOM equipment, described for Segment, is felt by the FAA to be the most cost effective of various approaches for Segment 1 and should provide the smoothest transition into the NAS. This specification covers only the ground-based radio equipment, Multimode Digital Radio (MDR) to be purchased by the FAA. Differences, in certain areas, between this and the latest version of the SARPs, reflect the specific needs of the ground stations. Most of the VHF Digital Link (VDL) Mode 3 timing, framing, vocoding, and link management described in the VHF Digital Link (VDL) Mode 3 SARPs will be performed by the Radio Interface Unit (RIU) during Segment 1. Even though the MDR will be expected to perform as a DSB-AM radio independently of the RIU, the MDR/RIU will be tested and fielded as a VDL Mode 3 and DSB-AM compliant system. Potential suppliers are invited to comment on, question, and provide suggestions for, this draft specification.

1.2 System Overview

NEXCOM equipment provides voice and data communication exchanges between airborne and ground based systems. It is designed to be an Air/Ground subsystem of the Aeronautical Telecommunication Network (ATN) using the Aeronautical Mobile (Route) Services (AM(R)S) band and it is organized according to the Open Systems Interconnection (OSI) Model (defined by the International Standards Organization, ISO). NEXCOM is intended to provide reliable subnetwork services to the ATN Systems. For services in addition to DSB-AM voice, the equipment is related to the two lower layers of the OSI Model. The equipment specified herein will replace existing DSB-AM transmitters and receivers, and provide Layer 1 and a portion of Layer 2 services of the lower OSI Model.

Layer 1 (Physical Layer): provides transmitter/receiver frequency control, bit exchanges over the radio media, and notification functions. These functions are more often known as “radio” and “modulation/demodulation” functions. Differential 8 Phase Shift Key (D8PSK) modulation scheme provides a 31.5 kb/s data rate (at Layer 1) for digital voice and data.

Layer 2 (Link Layer): The Media Access Control (MAC) sublayer provides access to the physical layer by a three or four slot Time Division Multiple Access (TDMA) algorithm in charge of channel access for Mode 3.

This equipment will be compatible with the VDL Mode 3 specified in DO224 except as changed by this specification or the SRD.  The Double-Sideband Amplitude Modulation (DSB-AM) sections contained in this document are taken directly from the existing product specifications FAA-P-2884 and FAA-P-2883.  In case of a conflict between these purchase descriptions and the DSB-AM specification, this document takes precedence. If changes to these DSB-AM specifications need to be made for cost saving considerations, the FAA NEXCOM Team will be glad to discuss such changes. The DSB-AM specifications are used directly for backwards compatibility.  The MDR need to be physically compatible with existing equipment. It is meant to provide for digital voice, data, and DSB-AM communications while utilizing the existing Radio Control Equipment (RCE).  Some technical parameters defining DSB-AM operation at 8.33kHz channel spacing have been added in Sections 3.2.3 such that programmability of the MDR to work in other ICAO modes can be demonstrated.  There are no plans to use this operation throughout NAS.

The equipment specified herein is a subsystem of the NEXCOM System. Figure 1-1 identifies specifications currently under development. A Ground Network Interface (GNI) subsystem specification may contain requirements for equipment beyond Segment 1, which will provide connectivity required for data link routers and their accompanying network services. The NEXCOM equipment is intended to be compatible with existing NAS systems and to allow for incorporation of new digital communications capabilities.
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Figure 1-1:
NEXCOM Document Tree

The primary objective of the NEXCOM Program is to provide air traffic controllers the ability to accommodate the growing number of control sectors and services using the available limited frequency spectrum. Principal goals of the system architecture include production of a new generation of Multimode Digital VHF Radios (MDRs) and Radio Interface Units (RIUs); support of existing legacy interfaces with RCE and VSCS; and transition to standardized, programmable digital operations for both ground sites and aircraft.  The NEXCOM Segment 1 MDR will also be used to replace the current generation of DSB-AM mode radios to sustain DSB-AM operations at sites outside the NEXCOM Segment 1 Program.  

1.3 Document Overview

The purpose of this document is to provide the functional and detailed technical requirements for the purchase of NEXCOM MDR's for Segment 1 of the NEXCOM Program. This document and all referenced documents are anticipated to be part of the public domain.

2 REFERENCED DOCUMENTS

2.1 Government Documents

The following documents of the issues in effect on the date of the request for proposals (solicitation) form a part of this specification and are applicable 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 take precedence.

2.1.1 Specifications

FAA:


FAA-G-1375
Spare Parts Peculiar, for Electronic, Electrical and Mechanical Equipment




FAA-G-2100F
Electronic Equipment, General Requirements, November 15, 1993




FAA-D-2494
Technical Instruction Book Manuscript: Electronic, Electrical and Mechanical Equipment, Requirements for Preparation of Manuscript and Production of Instruction Books




FAA-E-2911
NAS System Level Specification, Infrastructure Management System (NIMS), Managed Subsystems




MILITARY:


MIL-H-46855
Human Engineering Requirements for Military Equipment and Facilities




2.1.2 Standards

FAA:


FAA-STD-016
Quality Control System Requirements




FAA-STD-024
Preparation of Test and Evaluation Documentation




FAA-STD-028
Contract Training Programs




TSO-C37d
VHF Radio Communications Transmitting Equipment Operating within the Radio Frequency Range 117.75 to 137.000 Megahertz




Military:





MIL-STD-454
General Requirements for Electronic Equipment




MIL-STD-461
Electromagnetic Emission and Susceptibility Requirements for the Control of Electromagnetic Interference




MIL-STD-462
Electromagnetic Interference Characteristics, Measurement of




MIL-STD-470
Maintainability Program Requirements (For Systems and Equipments)




MIL-STD-498
Software Development and Documentation Standard, December 4, 1994




MIL-STD-810
Environmental Test Methods and Engineering Guidelines




MIL-STD-889
Dissimilar Metals




MIL-STD-1353
Electrical Connectors, Plug-in Sockets and Associated Hardware, Selection and Use of




MIL-STD-1388-1
Logistic Support Analysis




MIL-STD-1388-2
Logistics Support Analysis Data Element Definitions




MIL-STD-1472
Human Engineering Design Criteria for Systems Equipment and Facilities




MIL-STD-1561
Provisioning Procedures, Uniform Department of Defense




Federal:





FED-STD-151
Metals: Test Methods




FED-STD-406
Plastics: Methods of Testing

2.1.3 Other Government Documents

FAA:





FAA-P-2884
Purchase Description, VHF/UHF Air/Ground Radio Communications Transmitters




FAA-P-2883
Purchase Description, VHF/UHF Air/Ground Radio Communications Receivers




NAS-IR-41024201
Interface Requirements Document Voice Switching and Control System to Radio Control Equipment




NAS-IR-41024202
Interface Requirements Document Tower Communication System (TCS)/Radio Control Equipment (RCE)




NEXCOM RD
Requirements Document for Next Generation Air/Ground Communications System (NEXCOM), Segment 1, 1998




FAA Order 6000.30B
Policy for Maintenance of the National Airspace System (NAS) Through the Year 2000




FAA Order 6090.1A
Development and Implementation of Remote Monitoring Subsystems (RMS) Within the National Airspace System




NTIA:





National Telecommunications and Information Administration, Regulations and Procedures for Federal Radio Frequency Management

2.2 Non-Government Documents

ASTM:





ASTM-D-568
Rate of Burning and/or Extent and Time of Burning of Flexible Plastics in a Vertical Position, Test Method for




ASTM-D-635
Rate of Burning and/or Extent and Time of Burning of Flexible Plastics in a Horizontal Position, Test Method for




ASTM-D-1000
Pressure-Sensitive Adhesive Coated Tapes Used for Electrical Insulation, Methods of Testing




ICAO:





VHF Digital Link (VDL) TDMA Mode (Mode 3) Standards and Recommended Practices (SARPS)




RTCA:





DO-178
Software Considerations in Airborne Equipment and Equipment Certification




DO-224
Signal in Space Minimum Aviation System Performance Standards (MASPS) Advanced VHF Digital Data Communications Including Capability with Digital Voice Technique




EIA:





EIA-310-D
Cabinets, Racks, Panels, and Associated Equipment




IEEE:





IEEE-1149.1
Standard Test Access Port and Boundary Scan Architecture

2.3 Documentation Sources

2.3.1 FAA Documents

Copies of FAA specifications, standards, and publications may be obtained from the Contracting Officer, FAA, 800 Independence Avenue, S.W., Washington, D.C. 20591. Requests should clearly identify the desired material by number and state the intended use of the material.

2.3.2 Military and Federal Documents

Single copies of unclassified military and federal specification, standards, and publications may be obtained by writing the Naval Publications and Forms Center, 5801 Tabor Avenue, Philadelphia, PA, 19120 or by calling (215) 697-3321 Monday through Friday, 8:00 a.m. to 4:30 p.m. (E.S.T.).

2.3.3 Electronic Industries Alliance Documents

Copies of Electronic Industries Alliance (EIA) standards may be obtained from the Electronic Industries Alliance, 2500 Wilson Boulevard, Arlington, VA, 22201-3834, by calling (703) 907-7500, or through the web site www.eia.org.

2.3.4 National Telecommunications and Information Administration Documents

Copies of National Telecommunications and Information Administration (NTIA) materials may be obtained from NTIA, Department of Commerce, 14th Street and Constitution Avenue, Washington, D.C., 20230, by calling (202) 377-1832, or through the web site www.ntia.doc.gov.

International Civil Aviation Organization Documents

Copies of International Civil Aviation Organization (ICAO) draft SARPS may be downloaded via the FAA Next Generation Air/Ground Standards web site http://www.faa.gov/nextgen/standard/standard. These are currently working documents and not final products.

2.3.5 RTCA, Inc. Documents

Copies of RTCA, Inc. documents may be obtained from RTCA, Incorporated., 1140 Connecticut Avenue, N.W., Suite 1020, Washington, D.C. 20036, by calling (202) 833-9339, or through the web site www.rtca.org.
2.3.6 IEEE Documents

IEEE documents may be ordered from the IEEE Computer Society Press. Ordering information is available over the internet at http://www.computer.org/cspress/order.htm, or by calling (800) 272-6657.

2.3.7 ASTM Documents

Copies of American Society of Testing and Materials (ASTM) materials may be obtained from the ASTM, 100 Barr Harbor Drive, West Conshohocken, PA, 19428-2959, or through the web site www.astm.org.

3 SYSTEM REQUIREMENTS

3.1 Definitions

3.1.1 “Shall”

When used in this specification, the word “shall” refers to an explicit requirement for a capability or characteristic of a system component, a system capability, or the complete system. If the following “shalls” in this document are seen as major cost drivers or are seen as unachievable by industry, the FAA is interested in having a dialogue concerning this matter.

3.1.2 “Should”

When used in this specification, the word “should” refers to a desired capability or characteristic of a system component, a system capability, or the complete system. If industry sees an alternative solution to these “shoulds”, the FAA is interested in having a dialogue concerning this matter.

“Will”

When used in this specification, the word “will” provides information for a capability or characteristic of a related system component, a related system capability, or a complete related system.

3.1.3 Co-channel Interference

The co-channel interference protection for  Mode 3 data /digitized voice is the overall capability of a receiver to demodulate a signal properly (to achieve a defined BER performance) in the presence of an unwanted modulated signal at the same assigned frequency. The co-channel interference protection for DSB-AM voice is the overall capability of the receiver to provide intelligible voice in the presence of an unwanted modulated signal at the same assigned frequency. The power ratio of the wanted signal level to the unwanted signal level at the specified voice quality is the cochannel interference protection in dB (positive value). The co-channel interference requirement has a major impact on frequency re-use planning criteria.

3.1.4 Adjacent Channel Emissions

Adjacent channel emissions are the amount of the modulated RF signal power transmitted outside of the assigned channel. Adjacent channel emissions include discrete spurious frequency, and noise density (including phase noise) at the transmitter output.

3.1.5 Bit Error Rate

The Bit Error Rate (BER) corresponds to the uncorrected bit error probability and is expressed as the ratio between the number of erroneous bits received and the number of bits received without benefits of Forward Error Correction (FEC).

3.2 System Characteristics

The principal system characteristics described herein are for ground equipment.

Note:  Along with the test conditions called out in this specification, there may be additional tests added to ensure VDL Mode 3 compatibility with DSB-AM, or DSB-AM compatibility with VDL Mode 3.

3.2.1 Site Control and Monitoring

The NEXCOM MDR shall contain an embedded agent to provide monitoring and control capability. The managed subsystem agent provides a user interface capability, wherein the users are defined as the controllers at Air Traffic Control (ATC) facilities and/or the Airways Facility (AF) technicians at the radio site, and personnel utilizing the NAS Infrastructure Management System (NIMS) to monitor and control the NEXCOM System. The functional requirements and verification methods shall be in accordance with FAA-E-2911, National Airspace System (NAS) System Level Specification, Infrastructure Management System (NIMS) Managed Subsystems. The interface shall be in accordance with NAS-IR-51070000, Interface Requirements Document NAS Infrastructure Management System Manager/Managed Subsystem.

3.2.1.1 System Control

The NEXCOM System control functions shall provide for real‑time system management actions by allowing for manual system control from the following four control points:

a) Local Maintenance Data Terminal (MDT) (located at the radio site)

b) NIMS Operational Control Centers (OCC)

c) NIMS System Operational Centers (SOC)

d) NIMS work centers

3.2.1.2 Local Maintenance Data Terminal (MDT)

The Local MDT shall provide the means to control and monitor the NEXCOM MDR at the radio site while performing site maintenance. When the Local MDT control point is designated as the primary control point, the local MDT operator shall have the capability of inhibiting status reporting to the other control points. The local MDT control commands shall include a valid log-on procedure to safeguard the integrity of the NEXCOM System. The Local MDT shall also contain software that provides for user friendly command screens and organized data display windows. Control status shall indicate and display NEXCOM MDR status (“ON‑LINE”, “STANDBY”, or “OFF‑LINE”) for each MDR.

3.2.1.3 NAS Infrastructure Management System (NIMS) Embedded Agent

The NIMS Agent shall provide the means to control and monitor the MDR at the NIMS manager location as specified above.  The monitor and control attributes shall be in accordance with Table 3‑1 of NAS‑IR‑51070000. When the NIMS agent control point is primary, command processing shall be provided so that the NIMS manager shall have the capability to control the system remotely. Control status shall indicate and display MDR status (“ON‑LINE”, “STANDBY”, or “OFF‑LINE”) at the local MDT and NIMS manager location.

3.2.1.4 Site Parameter Adjustments

The NEXCOM MDR shall provide the capability to add various adaptation parameters to the master program including the following type of data categories:

a) Synthesizer reference frequency data

b) Transmit and Receive frequency

c) Transmitter time-out length

d) Transmitter RF power output

e) Monitored Parameter Thresholds (thresholds that determine alarm/alert status)

f) Set the modulation percentage

g) Transmitter frequency offset command

h) Receiver squelch adjustment

i) VSWR

The NEXCOM MDR site adaptable parameters shall be such that maintenance personnel shall have the capability to select and modify any of the site adaptable parameters stored in the MDR for modification of values (either temporary or permanent changes). The initiation and control of the site adaptation function shall be performed utilizing either the local MDT or the NIMS control point. It shall be possible to adjust parameters while the system is in operation without degrading the system performance specified herein.

3.2.1.5 MDR Monitoring

The MDR monitoring function shall perform real‑time system performance monitoring and provide real‑time system performance reporting. The system monitoring function shall consist of:

a) The active acquisition of various MDR monitoring parameters

b) The execution of measurements on those parameters to obtain collected/calculated data

c) The comparison of the collected/calculated data to stored system thresholds and/or element status to determine whether each threshold and/or element status is within the specified limits; and

d) The reporting of the results of those threshold and/or element status determinations

The system monitoring function shall be performed automatically on a continuous basis without interfering with the operational mission of the system and without the need for the insertion of an external command.

3.2.1.6 MDR Monitoring Parameters

The MDR shall include all of the sensors, devices and algorithms required to provide for the monitoring functions specified in paragraphs 3.1 and 3.2.1 of FAA Functional Specification for NAS Infrastructure Management System Managed Subsystems, FAA-E-2911. The Contractor shall ensure that the following threshold and/or element status parameters, as a minimum, are subjected to the system monitoring function defined in the following listing:

ITEM
PARAMETER
ALARM STATUS
READ BACK VALUE

1
Current software version

X

2
MDR Status
X


3
Synthesizer Lock Status
X


4
Preset frequency value

X

5
Power supply voltage
X
X

6
MDR ID number

X

7
Transmitter time-out value

X

8
Power Output (all Modes)
X
X

9
Transmitter Modulation
X
X

10
Reflected Power
X
X

11
Frequency offset value

X

12
Squelch status (on/off)
X


13
Squelch break status
X


14
Squelch setting

X

15
Local/Remote status
X


16
AGC voltage

X

17
In-service time (hours)

X

3.2.1.7 Alarm/Alert Processing

The MDR monitoring function shall determine the alarm/alert/normal/state change condition of all threshold and/or element status parameters, as well as the MDR as a whole, by comparing data to pre‑established thresholds.  A discriminating function, identified as an event, shall be used to minimize the declaration of alarms and alerts for transient conditions.

a) The system monitoring function shall automatically declare an alarm event when a monitored threshold and/or element status parameter changes to a value that is outside the acceptable operating range. This event shall be automatically reported once per occurrence.

b) The system monitoring function shall automatically declare an alert event when a monitored threshold and/or element status parameter changes to a value that is outside the ideal operating range but within the acceptable operating range. This event shall be automatically reported once per occurrence.

c) The system monitoring function shall automatically declare a return to normal event when a monitored threshold and/or element status parameter that was previously outside the ideal operating range changes to a value that is inside the ideal operation range. This event shall be automatically reported once per occurrence.

d) The system monitoring function shall automatically declare a state change event when the value changes for a monitored threshold and/or element status parameter that indicates a configuration or mode change to the MDR. This event shall be automatically reported once per occurrence.

e) Threshold and/or element status parameters that are reportable, as alarm/alert events shall not be reportable as state changes.

f) The MDR shall provide event notification within a maximum time of 4 seconds.  The response time is measured from the time that the MDR determines the condition to the time the first byte of the notification is transmitted by the MDR.

3.2.1.8 Event Time Tagging

All events (alarm, alert, return to normal, state change) reported by the MDR control and monitoring functions shall be tagged with the system time at the time of declaration of the event.

3.2.1.9 Data Storage

The system control and monitoring functions shall maintain initialization tables, threshold values, parameter state values, adjustable parameter values and equipment status and performance data. The data shall be stored in such way that it is maintained through power failures up to 24 hours.

a) Equipment status and performance data shall include all critical performance parameter data, including certification data, the last 50 unique alarms, the last 50 unique alerts, the last 50 state changes, and the last 50 returns to normal with a time tag for each entry.

b) The stored data shall be configured in such a way that individual or groups of data can be retrieved and transmitted separated when requested.

c) The stored data shall be logically grouped according to physically segregated hardware, common functions, or conditions with functional/physical commonality.

3.2.1.10 Data Retrieval

The system control and monitoring functions shall provide for data retrieval.  Data retrieval shall be executed upon request from the NIMS or the local MDT control points.

3.2.1.11 Data Security

The system control and monitoring functions shall provide for security measures to protect the integrity of the data. The execution of MDR control and monitoring functions at the local MDT control point shall be permitted only in response to a valid log-on procedure based on an ID in conjunction with a unique password. Capability shall be provided for adding/deleting user IDs and changing passwords. After a pre‑determined period of operator inactivity at the local MDT control point, the local MDT control point shall automatically execute a log‑off procedure and return primary control to the NIMS.

3.2.1.12 Built In Test

The MDR should have sufficient built-in test circuitry to accomplish the monitoring functions specified above.

Issue: Are there any parameters listed above which would be difficult to measure?  Are there any parameters which should be measured which are not listed?  Would a separate receiver and transmitter configuration make some measurements more or less difficult?

Why:  The FAA is considering utilizing BITE to accomplish remote certification.  The exact parameters necessary for this task are still under investigation.

System Functions and Software

3.2.1.13 Receivers

Receivers shall be capable of being used in a DSB-AM Mode or in VDL Mode 3 utilizing a 25 kHz channel separation.

3.2.1.13.1 Tuning Range and Channel Increments

Receivers shall be capable of tuning to any 25 kHz channel from 112 MHz to 136.975 MHz. The receiver shall have a user tunable start frequency between 112.000 MHz and 118.000 MHz in 25 kHz steps. This Start frequency shall have a security lockout (i.e., password). Upon receiver initialization, the start frequency shall default to 118.000 MHz.

Note:  Allocation of all or part of the frequency band from 112.000 MHz up to 117.975 MHz is being considered for Aeronautical Mobile Communication.

3.2.1.13.2 Modulation

3.2.1.13.2.1 DSB-AM

The modulation method shall be double sideband AM voice in accordance with the National Telecommunications and Information Administration, Regulations and Procedures for Federal Radio Frequency Management (Chapter 6, paragraph 6.3).
3.2.1.13.2.2 Mode 3 (D8PSK)

Mode 3 shall use the D8PSK modulation scheme defined in the ICAO VDL Mode 3 SARPS. The Mode 3 symbol rate shall be 10,500 symbols/s, resulting in a nominal data rate of 31,500 bits/s. See also the following Annex 10 references:

Paragraph
Reference

6.4.3.1
Modulation scheme

6.4.3.1.1
Data encoding

6.4.3.1.2
Transmitted signal form

3.2.1.14 Transmitters

Transmitters shall be capable of being used in a DSB-AM Mode or in VDL Mode 3 utilizing a 25 kHz channel separation.  Operation is required in only one mode at a time.

3.2.1.14.1 Tuning Range and Channel Increments

Transmitters shall be capable of tuning to any 25 kHz channel from 112.000 MHz to 136.975 MHz. The transmitter shall have a user tunable start frequency between 112.000 MHz and 118.000 MHz in 25 kHz steps. This start frequency shall have a security lockout (e.g., password). Upon transmitter initialization, the start frequency shall default to 118.000 MHz.

Note :
Allocation of all or part of the frequency band from 112.000 MHz up to  117.975 MHz is being considered for Aeronautical Mobile Communication.

3.2.1.14.2 Modulation

3.2.1.14.2.1 DSB-AM

The DSB-AM modulation shall be as defined in FAA-P-2884 (or see paragraph 3.2.3.2.4).

3.2.1.14.2.2 Mode 3 (D8PSK)

Mode 3 shall use the Differential Eight Phase Shift Keyed (D8PSK) modulation scheme as defined in ICAO VHF Digital Link (VDL) Mode 2 and Mode 3 SARPS. The Mode 3 symbol rate shall be 10,500 symbols/s, resulting in a nominal modulation rate of 31,500 bits/s.

3.2.1.15 RF Modems

For purposes of this specification, the receiver performance specifications contained herein include RF modem demodulation performance requirements, and the transmitter performance specifications contained herein include RF modem modulation performance requirements. RF modems shall be capable of converting audio to DSB-AM modulation of the transmitted RF and of demodulating received DSB-AM RF into received audio. When operating in VDL Mode 3, in accordance with the Mode 3 SARPS, RF modems shall be capable of D8PSK modulating/demodulating a time-division multiplexed block of digitized voice and data between the RIU and the transmitter/receiver in response to transmit/receive timing commands from the RIU.

3.2.1.16 Software and Processor Capabilities

The equipment design should include digital computer techniques to the extent required to meet the reconfigurability requirements herein.  Software to be delivered to FAA should be developed and documented using MIL-STD-498 for guidance.  The equipment design should allow reconfigurability to allow the MDR to reproduce the known approved ICAO communication waveforms (i.e., 25 kHz DSB-AM, 8.33 kHz DSB-AM, VDL Mode 2, and VDL Mode 3).

The equipment design should allow physical layer programmability in modulation rate and MAC layer programmability in protocols and user access/synchronization schemes.  Modulation rates and user access/synchronization schemes shall be designed to concurrently allow the channel to service up to 4 user circuits at user data rates of at least 4.8 kbps as specified in VDL Mode 3.

Note:  The purpose of requiring programmability is to allow ease of changes as SARPS requirements are further refined/defined, and to allow implementation of future capabilities as the NEXCOM System evolves to meet NAS needs.

The equipment design shall include sufficient processor clock speeds and spare memory to accommodate the above programmability requirements without a redesign of the equipment. There shall be sufficient memory to accommodate at least two of the ICAO waveforms mentioned above, such that either could be called on a simple command from the MDT.  The equipment shall be able to accurately process date data (including, but not limited to, calculating, comparing, and sequencing) from, into, and between the twentieth and twenty-first centuries, including leap year calculations, when used in accordance with the product documentation provided by the designer, and provided that all listed or unlisted products (e.g. hardware, software, firmware) used in combination with the equipment properly exchange date data with it.

3.2.1.17 Physical Layer/Protocol Services

3.2.1.17.1 Definition for Mode 3 (TDMA)

TBD

3.2.1.17.2 Modulation Scheme

The modulation scheme for Mode 3 shall be as defined in DO-224.

3.2.1.17.3 Modulation Rate

The Mode 3 symbol rate shall be 10,500 symbols/s ( ( 50 ppm, resulting in a nominal bit rate of 31,500 bits/s.
3.2.1.17.4 Management (M) Burst and Handoff Check Message (H) Burst Uplink

The M uplink burst (DO-224) shall consist of three segments, the Training Sequence followed by the System Data and the Transmitter Ramp Down. The H uplink burst (DO-224)shall consist of three segments, the Training Sequence followed by the Handoff Check Message and the Transmitter Ramp Down.

Training Sequence

Uplink M burst and H burst training sequences shall consist of two components as follows:

· Transmitter ramp up and power stabilization

· Synchronization and Ambiguity resolution
3.2.1.17.5 Transmitter Ramp-Up and Power Stabilization

The first component of the training sequence shall be the transmitter ramp up and power stabilization, which shall conform to the following restrictions.

The transmitter ramp-up and power stabilization component of the training sequence shall be defined over t = 0 to t = 5.0. Transmission of the synchronization sequence shall start at t = 5.0. The RF power shall be - 60 dBc (may change depending on the final spectral mask) prior to time t = 0 and greater than 90% of nominal output power between t = 2.5 and 5.0. Time (t) is measured in symbol periods (95.2 (sec) from the beginning of the symbol. For consistency and interoperability between D8PSK modes, all symbols shall be transmitted.

Note 1:
  This spectral shaping can be achieved by transmitting three 000 symbols prior to the first symbol of the Synchronization Sequence provided the raised cosine filter is truncated at (2.5 symbol periods.
Note 2:
  It is desirable to maximize the AGC settling time. Efforts should be made to have power above 90% of nominal power at t = 2.0 symbols.

3.2.1.17.6 Synchronization and Ambiguity Resolution

The second component of the training sequence, transmitted from left to right shall consist of the synchronization sequence-known as S2*-as follows:

000
001
101
100
110
010
111
100
010
011
101
000
111
000
011
001

Note:
The sequence S2*  is very closely related to the sequence S2 (DO-224). The 15 phase changes between the 16 symbols of S2* are each exactly 180o out of phase from the 15 phase changes associated with S2 . This relationship can be used to simplify the process of simultaneously searching for both sequences.

3.2.1.17.7 System Data and Handoff Check Message

The non-3T configuration (DO-224) System Data shall consist of 32 transmitted symbols. The 96 transmitted bits shall include 48 bits of information and 48 parity bits, generated as 4 Golay (24, 12) codewords. The 3T configuration (DO-224) System Data shall consist of 128 transmitted symbols. The 384 transmitted bits shall include 192 bits of information and 192 parity bits, generated as 16 Golay (24,12) codewords. The 3T configuration Handoff Check Message shall consist of 40 transmitted symbols. The 120 transmitted bits shall include 60 bits of information and 60 parity bits, generated as 5 Golay (24,12) codewords.

The specific definition of the Golay encoder shall be as follows:

If the 12 bit input bit sequence is written as a row vector x, then the 24 bit output sequence can be written as the row vector y, where y = x G, and the matrix G shall be given by


1
1
0
1
0
1
1
1
0
0
0
1
1
0
0
0
0
0
0
0
0
0
0
0


0
1
1
1
1
1
0
0
1
0
0
1
0
1
0
0
0
0
0
0
0
0
0
0


1
1
1
0
1
0
0
1
0
1
0
1
0
0
1
0
0
0
0
0
0
0
0
0


0
1
1
0
0
0
1
1
1
0
1
1
0
0
0
1
0
0
0
0
0
0
0
0


1
1
1
0
0
1
1
0
1
1
0
0
0
0
0
0
1
0
0
0
0
0
0
0

G =   
1
0
1
1
0
0
1
1
0
1
1
0
0
0
0
0
0
1
0
0
0
0
0
0


1
0
0
1
1
0
0
1
1
0
1
1
0
0
0
0
0
0
1
0
0
0
0
0


0
1
0
1
1
0
1
1
1
1
0
0
0
0
0
0
0
0
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1
0
0
0
0


0
0
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1
1
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1
1
1
1
0
0
0
0
0
0
0
0
0
1
0
0
0


0
0
0
1
0
1
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0
0


1
1
0
1
1
1
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1
1
0
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0
0
0
0
0
1
0


1
0
1
0
1
1
1
0
0
0
1
1
0
0
0
0
0
0
0
0
0
0
0
1

Note:
The extended Golay code allows for the correction of any error pattern with 3 or less bit errors and the detection of any 4-bit error pattern.

3.2.1.17.8 Transmitter Ramp-Down

Following the end of the final symbol, the transmitter power shall be below – 20dBc within 2 symbol periods and shall be below – 60dBc within 5 symbol periods.  Also see paragraph 3.2.3.1.30.
The transmitter power leakage when the transmitter is in the “off” state shall be less than – 83 dBm.

Note:
Reference RTCA/DO-160D section 21, category H for antenna radiated signals.

Management (M) Burst Downlink

The M downlink burst (DO-224) shall consist of three segments, the Training Sequence followed by the System Data and the Transmitter Ramp Down.

3.2.1.17.9 Training Sequence

The M downlink burst training sequence shall consist of two components as follows:
· Transmitter ramp up and power stabilization

· Synchronization and Ambiguity resolution
3.2.1.17.10 Transmitter Ramp-Up and Power Stabilization

This shall be as defined in section 3.2.2.5.6.

3.2.1.17.11 Synchronization and Ambiguity Resolution

Three separate synchronization sequences, transmitted from left to right, shall be used for this burst type. The standard sequence - known as S1 - shall be as follows:

000
111
001
001
010
110
000
011
100
110
011
111
010
101
100
101

The special sequence used to identify poll responses, S2*, shall be as defined in (DO-224).

The special sequence used to identify Net Entry Requests (S1*) shall use the following sequence and shall be transmitted from left to right:

000
001
111
111
100
000
110
101
010
000
101
001
100
011
010
011

Note:  The sequence S1* is very closely related to the sequence S1. The 15 phase changes between the 16 symbols of S1* are each exactly 180o out of phase from the 15 phase changes associated with S1 . This relationship can be used to simplify the process of simultaneously searching for both sequences.

3.2.1.17.12 Training Sequence

V/D burst training sequence shall consist of two components as follows:

· Transmitter ramp-up and power stabilization

· Synchronization and Ambiguity resolution

3.2.1.17.13 Transmitter Ramp-Up and Power Stabilization

This shall be as specified in section 3.2.2.5.6.

3.2.1.17.14 Synchronization and Ambiguity Resolution

The second component of the training sequence shall consist of the synchronization sequence-known as S2-as follows and shall be transmitted from left to right:

000
111
011
010
000
100
001
010
100
101
011
110
001
110
101
111

3.2.1.17.15 Header

The Header segment shall consist of 8 transmitted symbols. The 24 transmitted bits shall be encoded as 12 bits of Header information and 12 parity bits, generated as a single (24, 12) Golay code word.

The encoding of the (24, 12) Golay code word shall be as defined in DO-224.

3.2.1.17.16 User Information

The User Information segment shall consist of 192 3-bit symbols.
3.2.1.17.17 Transmitter Ramp-Down

This shall be as defined in section 3.2.2.5.9.

3.2.1.17.18 Interleaving

There shall be no interleaving in Mode 3 operation.

3.2.1.17.19 Bit Scrambling

Bit scrambling shall be performed on each burst under Mode 3 operation as specified DO-224. The scrambling sequence shall be reinitialized on each burst effectively providing a constant overlay for each of the Mode 3 fixed length bursts.

MAC Layer

3.2.1.17.20 MAC Protocol Framework

3.2.1.17.21 Timing Structure

Media access for Mode 3 shall observe the system timing structure described in this section. Observing this timing structure shall be a necessary but not a sufficient condition for media access, as the procedures of DO-224.

3.2.1.17.22 TDMA Frame

The TDMA frame shall be of 120 ms duration and shall contain either 3 or 4 TDMA time slots as determined by the System Configuration section 3.2.2.6.10 in effect for the ground station.  Two consecutive TDMA frames (an even TDMA frame followed by an odd TDMA frame) form a MAC cycle.  The concept of MAC cycle is described in DO-224.
3.2.1.17.23 Time Slot

A TDMA time slot shall be of 30 or 40 ms duration depending on the System Configuration in effect for the ground station. A time slot shall be the basic channel resource allocated to a user group for either voice or data transmission.

Note:  Multiple time slots can be assigned to a single user group (e.g., voice and data).
3.2.1.17.24 Bursts

A TDMA time slot shall consist of either a) one Management (M) burst and one Voice or Data (V/D) burst, b) four M bursts, or c) one M burst and one handoff check message (H) burst. The format of the bursts shall be as specified in Figures 3-1a, 3-1b, and 3-1c.  Figure 3-1a shows a typical time slot to consist of an M burst followed by a V/D burst. Figure 3-1b shows slot A of a 3T configuration downlink to consist of four management M bursts. Figure 3-1c shows slot A of a 3T configuration uplink to consist of a management burst and a H burst.

Note:  An M burst is used for signalling and link management. A V/D burst is used for user information. An H burst is used to facilitate automated handoff of ground stations.
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Figure 3-1a:
Management (M) and V/D Bursts and Slot Components
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Figure 3-1b:
Four Management (M) Bursts and Slot Components (Downlink of 3T)
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Figure 3-1c:
Bursts and Slot Components for Management (M) and Handoff Check Message (H) Bursts (Uplink of 3T)

The time scale hierarchy for TDMA frames, time slots and bursts shall be as shown in Figures 3-2a, 3-2b, and 3-2c (Figures 3-3a, 3-3b, and 3-3c of the VDL Mode 3 SARPs). Figure 3-2a shows the TDMA frame structure of a normal range non-3T configuration. Figure 3-2b shows the TDMA frame structure of a normal range 3T configuration. Figure 3-2c shows the TDMA frame structure for long range configurations.

Note:  The only difference in the timing structure between the Normal Range 30 ms slots and the Long Range 40 ms slots is an increased propagation guard time allowance. The exact allocation of propagation guard time is reflected in Tables 3-3, 3-4, and 3-5 (Tables 3-49, 3-50, and 3-51 of the VDL Mode 3 SARPs).
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Figure 3-2a:
Frame Structure for Normal Range Non-3T Configurations (section 3.5.2.4 of the VDL Mode 3 SARPs)
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Figure 3-2b:
Frame structure for Normal Range 3T Configuration (section 3.5.2.4 of the VDL Mode 3 SARPs)


Figure 3-2c:
Frame Structure for Long Range Configurations (section 3.5.2.4 of the VDL Mode 3 SARPs)
3.2.1.17.25 Epoch

An Epoch shall consist of 25 MAC cycles (6 seconds). MAC cycle is defined in section 3.2.2.6.11.  Epochs shall begin at the following number of seconds after the minute: 0, 6, 12, 18, 24, 30, 36, 42, 48, 54.

3.2.1.17.26 External Time Reference Interface

The VDL Mode 3 ground stations shall have the option to synchronize their station TDMA system timing clocks to a common absolute time standard. This external time source shall provide a timing strobe once per second on the second and a separate strobe on epoch boundaries. For purposes of providing epoch strobes, the external time source shall be aligned to UTC on 6 January 1980.

Note 1:  UTC is not easily usable as a time source for VDL Mode 3 because UTC requires leap second adjustments at irregular intervals.

Note 2:
  GPS system time was aligned to UTC time on 6 January 1980, but now differs by an integral number of seconds. (A GPS receiver calculates GPS system time and provides conversion to UTC time by adding the appropriate number of leap seconds. This number is available as part of the GPS navigation message.) Any other absolute time source which is traceable to UTC without leap second adjustments is also suitable as an external time source for VDL Mode 3.

Note 3:
  Synchronization of airborne radios to a common external time source is not required for Mode 3 operation.

3.2.1.17.27 System Data and Header Field Formats

Fields contained in the System Data segment of the M uplink bursts and the Header segment of the V/D bursts shall be used for controlling access to the channel and for link management functions (DO-224). 
3.2.1.17.28 User Groups

An airborne radio shall be associated with a user group for purposes of channel access for voice and data transmissions and for aircraft addressing functions used by the ground station. A single VDL frequency assignment (i.e., ground station radio) for Mode 3 shall support from 1 to 4 user groups depending on the System Configuration in effect for that ground station.
3.2.1.17.29 System Configurations

The VDL shall recognise and support the set of system configurations identified in Table 3-1 (DO-224).

Note 1:
  All the configurations except 3T are called non-3T configurations.

Note 2:
  See the Guidance Material for the applications and descriptions of each System Configuration.

Table 3-1:
System Configuration

System Configuration
User Groups Supported/

Identifying Time Slots*
Services to

Each Group
V/D Slots Assigned to Each Group

Normal Range
4V
4/(A, B, C, D)
Dedicated voice ckt
1


3V1D
3/(A, B, C)
Dedicated voice ckt w/shared data ckt
2


2V2D
2/(A, B)
Dedicated voice ckt w/dedicated data ckt
2


3T
1/(A)
Demand assigned voice and data
3

Long Range
3V
3/(A, B, C)
Dedicated voice ckt
1


3S
1/(A, B, C)
Dedicated voice circuit with 3 station diversity
3


2V1D
2/(A, B)
Dedicated voice ckt w/shared data ckt
2

*  The term "identifying time slots" is defined as the value in the Slot Number field in the Beacon2 word of the uplink M channel.

3.2.1.17.30 Media Access Control Cycle

Media access shall be based on a MAC cycle of 240 ms (two consecutive TDMA frames, denoted even and odd frames, Figures 3-9 (DO-224).

Note:  MAC cycles for each System Configuration are shown in DO-224.

3.2.1.17.31 Logical Burst Access Channels

For the 3T configuration, VDL shall grant media access individually for each of up to 18 separate Logical Burst Access Channels (LBACs) numbered 1-18. For each MAC cycle (3T), the timing for each LBAC shall be as given by Table 3-4. For the 3S configuration, VDL shall grant media access individually for each of up to 12 separate LBACs numbered 1-12. For each MAC cycle (3S), the timing for each LBAC shall be as given by Table 3-5. For all other configurations (except 3T and 3S), VDL shall grant media access individually for each of up to 8 separate LBACs numbered 1-8. A description of each LBAC for these cases (other than 3T and 3S) shall be as given by Table 3-2.
Note:  MAC cycles for each System Configuration are shown labelled with each LBAC in the Guidance Material.

Table 3-2: Logical Burst Access Channel (LBAC) Descriptions for Configurations other than 3T and 3S
LBAC#*
Applicability
Description

1
air only
M downlink burst used for polling response or Random Access (RA)

2
air, ground
V/D (voice) burst even frame

3
air only
M downlink burst used for ACK or RA

4
air, ground
V/D (data) burst even frame

5
ground only
M uplink burst and timing reference point

6
air, ground
V/D (voice) burst odd frame

7
air only
M downlink burst used for ACK or RA

8
air, ground
V/D (data) burst odd frame

*  Used to identify burst opportunities in Table 3-3 (Table 3-49 of the VDL Mode 3 SARPs).

3.2.1.17.32 Burst Access Timing

The System Configuration code provided in the M uplink burst (DO-224) shall be used by the aircraft VDL in conjunction with the timing reference point to establish proper burst timing. For the 3T configuration, LBACs shall be established according to Table 3-4; for 3S configuration, LBACs shall be established according to Table 3-5; and for other configurations (except 3T and 3S), LBACs shall be established according to Table 3-3. The timing reference point (TRP) shall be established per section 3.3.2.1.4.1 of DO-224. The relative timings among the TRPs of different user groups for the various system configurations are shown in Table 3-6.
Table 3-3:
LBAC Timing Offset Values for Configurations other than 3T and 3S
System Config
User Group Slot ID
Media Access Timing for Each LBAC Relative to

Timing Reference Point (Symbol Periods)










Even Frame



Odd Frame






1
2
3
4
5
6
7
8

4 Slots Per Frame (Normal Range)

4V
A-D
-1260
‑1195
N/A
N/A
0
65
N/A
N/A

3V1D
A
‑1260
‑1195
‑315
‑250
0
65
945
1010


B
‑1260
‑1195
‑630
‑565
0
65
630
695


C
‑1260
‑1195
‑945
‑880
0
65
315
380

2V2D
A-B
‑1260
‑1195
‑630
‑565
0
65
630
695

3 Slots Per Frame (Long Range)










3V
A-C
-1260
‑1142
N/A
N/A
0
118
N/A
N/A

2V1D
A
‑1260
‑1142
‑420
‑302
0
118
840
958


B
‑1260
‑1142
‑840
‑722
0
118
420
538

Table 3-4:
LBAC Description and Timing for 3T Configuration
LBAC#
Applicability
Description
Media Access Timing for Each LBAC Relative to Timing Reference Point (Symbol Periods)

1
air only
M downlink RA
‑1260

2
air only
M downlink polling response or RA
‑1182

3
air only
M downlink polling response or RA
‑1104

4
air only
M downlink polling response or RA
‑1026

5
air only
M downlink ACK or RA
‑945

6
air/ground
V/D even frame
‑880

7
air only
M downlink ACK or RA
‑630

8
air/ground
V/D even frame
‑565

9
air only
M downlink ACK or RA
‑315

10
air/ground
V/D even frame
‑250

11
ground only
M uplink, Timing Reference Point
0

12
ground only
M uplink handoff check
201

13
air only
M downlink ACK or RA
315

14
air/ground
V/D odd frame
380

15
air only
M downlink ACK or RA
630

16
air/ground
V/D odd frame
695

17
air only
M downlink ACK or RA
945

18
air/ground
V/D odd frame
1010

Note:  See the Guidance Material for further description of 3T timing.

Table 3-5:
LBAC Description and Timing for 3S Configuration
LBAC #
Applicability
Description
Media Access Timing for Each LBAC Relative to Timing Reference Point (Symbol Periods)

1
air only
M downlink polling response or RA
-1260

2
air, ground
V/D (voice) even frame
-1142

3
air only
M downlink polling response or RA
-840

4
air, ground
V/D (voice) even frame
-722

5
air only
M downlink polling response or RA
-420

6
air, ground
V/D (voice) even frame
-302

7
ground only
M uplink and timing reference point
0

8
air, ground
V/D (voice) odd frame
118

9
ground only
M uplink and timing reference point
420

10
air, ground
V/D (voice) odd frame
538

11
ground only
M uplink and timing reference point
840

12
air, ground
V/D (voice) odd frame
958






Table 3-6:
Relative Timing Relationship for TRPs of Different User Groups 
for all System Configurations

Relative Timings Among TRPs of Different User Groups (Symbol Periods)

User Group ID
4V
3V1D
2V2D
3T*
3V
3S**
2V1D

A
0
0
0
N/A
0
0
0

B
315
315
315
0
420
420
420

C
630
630
N/A
0
840
840
N/A

D
945
N/A
N/A
0
N/A
N/A
N/A

* For 3T configuration, Group IDs B, C, and D are treated as one user group.

**For 3S configuration, Group IDs A, B, and C are treated as one user group.

3.2.1.17.33 Coded Squelch

The Voice Unit shall support a coded squelch operation that offers some degree of rejection of undesired cochannel voice messages based on the burst time of arrival.

3.2.1.17.34 Squelch Window

The squelch window shall be used to control squelch operation in order to allow the Voice Unit to reject undesired V/D (voice) bursts based on their timing.

The coding and use of the Squelch Window field shall be as provided in DO-224.

3.2.1.17.35 Source Filtering

The Squelch Window parameter shall be applied as specified by the LME. If the voice burst is outside the squelch window defined in Table 3-7 (Table 6-1 of the VDL Mode 3 SARPs) for 4-slot configurations and Table 3-8 (Table 6-2 of the VDL Mode 3 SARPs) for 3-slot configurations, the burst shall be assumed to be co-channel interference and shall be suppressed.

3.2.2 Functional requirements

3.2.2.1 Receiver/RF demodulator requirements

3.2.2.1.1 Uncorrected BER

Mode 3
The uncorrected Mode 3 BER requirement shall be equal to or better than 10-3.

The uncorrected BER requirement performance shall be achieved in the presence of the degradations specified in sections 3.2.3.1.8, 3.2.3.1.19 through 3.2.3.1.24 and 3.2.3.1.27.

DSB-AM - Not Applicable

3.2.2.1.2 Receiver supply voltage

Mode 3 and DSB-AM - See section 3.3.1.1.1.

3.2.2.1.3 Receiver Digital and Audio Interfaces

Mode 3

The receiver/RF demodulator shall have a single digital data bus interfacing with the RIU, shared with the RF modulator/transmitter. The digital interface shall carry time-multiplexed, digitized voice and data modulation, clock signals between the receiver/RFdemodulator and the RIU.  The MDR/RIU data port is the source of all the downlink voice, data and management bursts.  Reference MDR/RIU ICD. The MDR RMM port is a bi-directional synchronous serial data line that can provide RMM, tuning and control data to the receiver.

DSB-AM

The receiver/RF demodulator shall provide a main audio output. The main audio output shall provide a balanced 600 ohm +/- 10% source impedance and 600 ohm audio output. This audio output level shall be controllable both locally, and remotely via the RMM/control interface; see section 3.2.3.3.12 of the RIU specification. A desirable feature includes the main audio output level control being located on the front panel of the receiver. The equipment shall have an additional electrical connector located on the rear of the receiver. This connector shall be capable of interfacing with an existing FAA connector (part number MS3108A24-28S) and shall be labeled "J2". The main audio output shall be a balanced signal between Pins "C" and "D" on electrical connector J2. There shall be provisions for a second audio signal output terminated in a headset/headphone jack located on the front panel of the receiver. This local output shall be controlled by a (hand control knob) logarithmic taper audio adjustment located on the front panel and provide for ready audio access during maintenance or local operation.

3.2.2.1.4 Receiver Sensitivity

Mode 3

In the absence of added external noise, the uncorrected BER requirement or lower shall be achieved at a signal level of -100 dBm at the receiver antenna connector from a modulated VDL Mode 3 signal source at the nominal data rate at room temperature. The BER requirement or lower shall be achieved, under the above conditions, over the full dynamic range of the receiver.

DSB-AM

The sensitivity of the receiver shall be such that, in the absence of external added noise, when a signal generator having a source impedance of 50 ohms and RF output of no more than – 102 dBm (modulated at 30%, 1.0 kHz tone), is connected to the receiver antenna terminals though a 50 ohm transmission line, the receiver shall produce an audio output with an average 10 dB (S+N)/N or greater over the frequency range of the receiver.

Issue: What sensitivity parameters would be recommended for an 8.33 kHz bandwidth receiver?

Why: Meaningful test parameters.

3.2.2.1.5 Rejection of  signals in the VHF band

See paragraph 3.2.3..1.19.

3.2.2.1.6 Selectivity

Mode 3 - TBD

DSB-AM

The selectivity of the receiver shall conform to the following profile with respect to the tuned channel center frequency:

Level
Bandwidth(25 kHz Ch.)
Bandwidth(8.33 kHz Ch.)

- 6.0 dB
+/- 9 kHz Minimum
+/- 3.0 kHz Minimum

- 50 dB

+/- 8.33 kHz Minimum

- 60.0 dB
+/- 25 kHz Maximum


- 80.0 dB
+/- 50 kHz Maximum
+/- 25 kHz Maximum

The selectivity per the profile above must remain constant across the entire frequency band.

3.2.2.1.7 Image Rejection

Mode 3 and DSB-AM

There shall be no image frequencies within the 112.000 MHz to 136.975 MHz frequency band. The sensitivity requirements of section 3.2.3.1.4 shall not be degraded more than 3 dB in the presence of an unmodulated out-of-band image frequency applied to the receiver input at a level 80 dB above the desired signal.

3.2.2.1.8 Intermodulation

Mode 3 and DSB-AM

The sensitivity requirements defined in 3.2.3.1.4 shall not be degraded by more that 3 dB in the presence of two – 5 dBm FM modulated interfering signals, 75 kHz deviation, at 400 Hz, with the interfering frequencies chosen in the 87.5 MHz to 107.9 MHz range, such that the 3rd order product is located on the chosen receive frequency. The sensitivity requirements defined in section 3.2.3.1.4 shall not be degraded by more than 3 dB in the presence of two – 35 dBm, 400 Hz, 60% AM modulated in-band interfering signals. The frequencies of the interfering signals shall be offset from the desired channel by + 2.0 MHz and + 4.0 MHz, or – 2.0 MHz and – 4.0 MHz, respectively.

3.2.2.1.9 Frequency Tolerance

Mode 3 and DSB-AM

The receiver local oscillator frequency tolerance shall be within 0.0001 % (+/- 1 ppm) over the full specified frequency range including temperature and aging effects.

3.2.2.1.10 Audio Output

Mode 3

See section 3.2.3.3.10 of the RIU specification for Mode 3.

DSB-AM

The receiver audio output circuitry shall provide a balanced 600 ohm +/- 10% audio output via a connector located on the rear panel of the receiver, and a headset/headphone connector J5 located on the front panel.

3.2.2.1.11 Audio Level Control

Mode 3 - Not Applicable

DSB-AM

With an input signal of  – 87 dBm (modulated 30% 1.0 kHz tone) and the receiver adjusted for an audio output level of +20 dBm, the audio signal shall not increase more than 2.0 dB as the modulation is increased to 90 percent (+/-5%).

3.2.2.1.12 Audio Output Level Regulation

Mode 3

Not Applicable

DSB-AM

With an initial audio output of +20 dBm into a 600 ohm resistive load from the main output circuit, the main output shall not drop more than 4.0 dB with a 5.0:1 reduction in the resistive load. The receiver shall have an input for either muting or attenuating the receiver audio during the transmit cycle. This muting or attenuation function shall be implemented only when the receiver and transmitter are collocated.

3.2.2.1.13 Average Audio Output

Mode 3

See section 3.2.3.3.10

DSB-AM

The audio output level (test tone) of the receiver during an alignment/performance check (typically  50 µV or – 73 dBm in a 50 ohm system @ 30% modulation w/1004 Hz for DSB-AM) shall be adjustable between +10 dBm and – 25 dBm. The test tone shall reflect a level that does not exceed a level which will produce a 0 dBmO level during actual in-service conditions and shall not exceed a level which will produce a – 13 dBmO level averaged over 3 seconds during actual in‑service conditions.

With an RF input consisting of a – 87 dBm (50 ohm system) carrier AM modulated 30% with a 1004 Hz tone the audio output level of the receiver shall be adjustable between +10 dBm and – 25 dBm (600 ohm system). With the above RF settings and the test tone audio level fixed between +10 dBm and – 25 dBm, the audio output of the MDR shall not exceed a maximum level of 0 dBm (600 ohm system) and shall not exceed an averaged audio level of –13 dBm ± 2 dB (600 ohm system) over 3 seconds using actual in‑service speech. The audio used to test this condition will consist of 5 different ATC voices that will be provided by the FAA in addition to a 1004 Hz calibration tone. This calibration tone will be used to set the 90% AM level of the RF input signal.

3.2.2.1.14 Audio Distortion

Mode 3 - Not Applicable

DSB-AM

The total distortion in the audio output shall not be more than 10.0 percent with any RF input  level between – 67 dBm and – 27 dBm (modulated 50%, varied between 300 to 3000 Hz)

3.2.2.1.15 Audio Frequency Response

Mode 3 - Not Applicable

DSB-AM

With an RF input signal between –95 dBm and –7 dBm modulated 90 percent, the maximum variation in the audio output shall not be more than +/- 2.0 dB between 300 Hz and 3.0 kHz. Above 3.0 kHz, the audio output shall decrease as the frequency increases, and shall be down at least 10.0 dB at 10.0 kHz. Below 300 Hz, the audio output shall decrease as the frequency decreases and be down at least 10.0 dB at 100 Hz.
3.2.2.1.16 Receiver Squelch

Mode 3 - TBD

DSB-AM

The receiver shall have a carrier to noise type of squelch system. The squelch shall provide not less than 40.0 dB audio quieting when the receiver is in the squelch condition. The reference shall be the normal audio output measured at the audio output terminals with an RF input of  –97 dBm, AM modulated 30% with a 1.0 kHz tone.

3.2.2.1.17 Squelch Adjustment, Sensitivity, and Hysteresis

DSB-AM

The squelch adjustment shall provide the means to control squelch sensitivity in the absence of an RIU. This squelch shall be adjustable utilizing the Maintenance Data Terminal (MDT). In addition, the receiver shall include a provision for remote squelch adjustment over the RMM/Control interface. The receiver audio shall be enabled only when the audio SINAD is greater than 5 dB. The squelch opening point shall be adjustable anywhere in the range of 5 to 15 dB SINAD. The audio shall be disabled when the SINAD falls below 3 dB. Squelch hysteresis shall be not less than 2 dB and not greater than 8 dB. In addition to the SINAD, the MDR squelch operation shall also depend on the received signal RF power level. This squelch opening point shall be adjustable from – 105 dBm to –50 dBm. The opening of the receiver squelch shall depend on the SINAD setting and the RF power level setting.

3.2.2.1.18 Squelch Attack and Release Times

DSB-AM

With any RF input signal level between – 97 dBm and – 7 dBm, AM modulated 30 percent at 1 kHz, the squelch attack time shall be 50 ms maximum and the release time shall be 150 ms maximum.

3.2.2.1.19 Collocation

Mode 3

The Mode 3 sensitivity requirements defined in section 3.2.3.1.4 shall not be degraded by more than 10 dB (‑90 dBm) in the presence of an off channel transmitter, keyed with a 10 watt output, DSB-AM modulated 30% at 400 Hz or a 15 watt Mode 3 transmitter with 4 slots active, when the following frequency separation and transmit-receive path isolation is provided for:

Scenario #1


VHF:
(1) Path isolation of 42 dB (80 feet)


(2) Transmit/Receive frequency separation greater than or equal to 0.5 MHz

Scenario #2


VHF:
(1)
 Path isolation of 28 dB (8 feet)


(2)
 Transmit/Receive frequency separation greater than or equal to 2.0 MHz

DSB-AM

The AM sensitivity requirements defined in section 3.2.3.1.4 shall not be degraded by more than 10 dB (- 92 dBm) in the presence of an off channel transmitter, keyed with a 10 watt output, DSB-AM modulated 30% at 400 Hz or a 15 watt Mode 3 transmitter with 4 slots active not in time synch with the desired signal, when the following frequency separation and transmit-receive path isolation is provided for: 

Scenario #1


VHF:
(1) Isolation of 42 dB (80 feet) between TX and RX


(2)
 Transmit/Receive frequency separation greater than or equal to 0.5 MHz

Scenario #2


VHF:
(1)
 Isolation of 28 dB (8 feet) between TX and RX


(2)
 Transmit/Receive frequency separation greater than or equal to 2.0 MHz

3.2.2.1.20 Adjacent Channel Rejection

Mode 3

The uncorrected BER requirement as defined in section 3.2.3.1.1 shall be achieved in the presence of a TBD dBm adjacent channel (centered on +/- TBD kHz) interfering Mode 3 signal in addition to a TBD dBm desired signal applied to the receiver input.

DSB-AM

The AM sensitivity requirement as defined in section 3.2.3.1.4 shall not be degraded by more than TBD dB in the presence of a TBD dBm adjacent channel (centered on +/- TBD kHz) interfering AM signal, modulated 30%, 400 Hz.

3.2.2.1.21 Rejection of signals outside the VHF band

Mode 3 and DSB-AM

The BER requirement for a VDL Mode 3 receiver shall be achieved when any of the specified unwanted signals is applied in addition to the wanted signal set at a level of - 90 dBm at the receiver antenna input.  The DSB-AM sensitivity shall not be degraded to a value worse than 10 dB (S+N)/N at -92 dBm.

Unwanted signal A:





Level :
- 4 dBm




Modulation :
None




Frequency range :
108-156 MHz (excluding the range 111.975-137.000 MHz)




Unwanted signal B:





Level :
- 4 dBm




Modulation :
None




Frequency range :
50 kHz-1215 MHz (excluding the range 87.5-156 MHz)




Unwanted signal C:





Level :
- 4 dBm




Modulation :
None




Frequency range :
87.5-107.9 MHz

3.2.2.1.22 Impulse noise immunity

Mode 3

With a 60 pulse per second impulse noise signal at a level of 90 dB above one microvolt-microsecond applied to the receiver input, the sensitivity requirements of section 3.2.3.1.4 shall not degrade by more than 6 dB.

DSB-AM

With a 60 pulse per second impulse noise signal at a level of 90 dB above one microvolt-microsecond applied to the receiver input, the sensitivity requirements of section 3.2.3.1.4 shall not degrade by more than 6 dB.

Note:  90 dBµV-µs = 31,623 µV-µs = pulse amplitude ( pulse duration.

3.2.2.1.23 Desired signal dynamic range

Mode 3

The receiver shall achieve the uncorrected BER requirement when operating with desired signal levels up to - 7 dBm at the receiver antenna input.

DSB-AM

With a – 47 dBm RF input signal (modulated 90% 1.0 kHz tone) as a reference, the audio output shall not differ from the reference level more than (2.0 dB, for any antenna input signal level no greater than – 7dBm (modulated 90% 1.0 kHz tone). The receiver shall not be blocked and shall provide an intelligible signal with inputs up to +13 dBm.
3.2.2.1.24 Symbol rate capture range

Mode 3

The sensitivity requirement of section 3.2.3.1.4 shall be achieved when a desired signal is applied to the receiver antenna port, with a symbol offset of six (6) (5 ppm airborne tolerance +1 ppm doppler) parts per million from the nominal symbol rate.

DSB-AM - Not Applicable

3.2.2.1.25 Frequency capture range

Mode 3

The receiver shall be capable of supporting synchronization/preamble acquisition and meeting the sensitivity requirement of section 3.2.3.1.4 with a frequency offset from nominal of +/- 825 Hz minimum.

Note:
This value takes into account the transmitter frequency error (685 Hz) from an airborne transmitter, and the Doppler shift (140 Hz) for airborne receivers in air-to-air operation.

DSB-AM - Not Applicable

3.2.2.1.26 Doppler rate

Mode 3

The sensitivity requirement of section 3.2.3.1.4 shall be met with a carrier frequency change rate of 18 Hz/s within the entire range of Doppler shift [+/- 140 Hz (ground), and meeting the requirement of section 3.2.3.1.24].

DSB-AM - Not Applicable

Co-channel interference

Mode 3

The uncorrected BER requirement shall be achieved when an unwanted signal is applied in addition to the wanted signal at the receiver antenna input. The co-channel interference protection shall be at least 20 dB measured at a desired signal level of -87 dBm at an operating frequency from 112.000 to 136.975 MHz.

DSB-AM - Not Applicable

3.2.2.1.27 Conducted Spurious Emissions

TBD

3.2.2.1.28 Receiver AGC stabilization

Mode 3

The receiver AGC shall require no more than 2.5 transmitted symbols to allow for receiver AGC stabilization over the specified receiver dynamic range (- 100 dBm to - 7 dBm).

DSB-AM - Not applicable

3.2.2.1.29 Transmitter/receiver turn-around time

Mode 3

The transmitter/receiver design shall allow the receiver to meet the uncorrected BER requirement with a - 100 dBm input signal received within 13 symbols after the last symbol of a transmission for both a shared antenna installation as well as separate antenna installation meeting the isolation requirements of paragraph 3.2.3.1.19.

DSB-AM - Not Applicable

3.2.2.1.30 Receiver and transmitter antenna connectors

Mode 3 and DSB-AM

The receiver and transmitter shall be designed to allow 1) the use of separate antenna connectors, a transmitter connector and a receiver connector, both of which shall be designed for connection to 50 ohm characteristic impedance coaxial cables, or 2) to share a common 50 ohm antenna port. The MDR shall be user configurable to allow either of these configurations. These Radio Frequency (RF) input and output connectors shall be coaxial type N female and shall conform to MIL-STD-1353, section 200.

3.2.2.1.31 Receiver and transmitter control

Mode 3 and DSB-AM

The transmitter and receiver operating parameters shall be set by the Maintenance Data Terminal (MDT).  The radios shall continue to operate on removal of the MDT.  The front panel will provide a push button display of the operating frequency and Mode for quick identification by a service technician.

3.2.2.1.32 AM receive internal noise level

For a – 53 dBm RF input signal AM modulated at 30 percent at 1000 Hz, the (S+N)/N of the receiver output signal shall be at least 30 dB.

3.2.2.1.33 AM Audio automatic gain control

With a – 50 dBm RF input signal modulated 30 percent at 1 kHz as a reference, the audio output of the receiver shall not differ more than +/- 2 dB from the reference level for any RF input signal between – 95 dBm and – 7 dBm.

3.2.2.2 Transmitter/RF modulator requirements

3.2.2.2.1 Transmitter Input Voltage

Mode 3 and DSB-AM - See section 3.3.1.4.1.

3.2.2.2.2 Transmitter Digital and Audio Interfaces

Mode 3

The RF modulator/transmitter shall have a single digital data bus interfacing with the RIU, shared with the receiver/RF demodulator. The digital interface shall carry time-multiplexed, digitized voice and data modulation, and clock signals between the RF modulator/transmitter and the RIU.  The MDR/RIU data port is the source of all the uplink voice, data and management bursts.  Reference MDR/RIU ICD. The MDR RMM port is a bi-directional synchronous serial data line that can provide RMM, tuning and control data to the transmitter.  See section 3.2.1.

DSB-AM

There shall be provisions for local audio input from a push-to-talk microphone that shall plug directly into the transmitter, and shall be present at Pin "J" and "F" on the electrical connector J5.  This electrical connector shall be capable of interfacing with an existing FAA connector (part number MS3108A24-28S) and shall be labeled "J5" located on the rear of the transmitter.

Transmitter Time-Out

Mode 3 and DSB-AM

The transmitter shall contain a time-out function for protection against, and the elimination of, extended periods of inadvertent constant voice keying. This adjustable transmitter time-out function shall range from zero transmit time-out up to 5 minutes transmit time-out (limiting the maximum continuous keying of the transmitter for this time period). The time-out feature shall have provisions for disabling, to allow the transmitter the capability of unlimited continuous operation.

3.2.2.2.3 Modulation

Mode 3

Mode 3 shall use the D8PSK modulation scheme defined in DO-224.

DSB-AM

The modulation method shall be double sideband AM voice in accordance with the National Telecommunications and Information Administration, Regulations and Procedures for Federal Radio Frequency Management (Chapter 6, paragraph 6.3).
3.2.2.2.4 Distortion

Mode 3 - Not Applicable

The harmonic distortion in the demodulated transmitter output shall not exceed 10 percent at a carrier output level of 10 watts, modulated 90 percent for all modulating frequencies between 300 Hz and 3 kHz.  Under the same conditions, with maximum limiting, the total harmonic distortion shall not exceed 15 percent.

3.2.2.2.5 Modulation rate

Mode 3

The modulation rate of the Mode 3 ground transmitter shall be 31.5 kbit/s +/- 0.0050 % (50 ppm).

DSB-AM - Not Applicable

3.2.2.2.6 AM modulation level

Mode 3 - Not Applicable

DSB-AM

The transmitter shall contain audio compression and limiting circuitry designed to prevent overmodulation of the carrier under all conditions and to retain a modulation level of 90 percent (+/-10%) for a 1 kHz tone under a variable audio input level from -25.0 dBm to +10.0 dBm (600 dBm). The audio input shall be either the Transceiver Transmitter Remote Connector (3.3 Interfaces) or the microphone audio input.

3.2.2.2.7 Audio Input

Mode 3 - Not applicable

DSB-AM

The transmitter audio input  impedance shall be 600 ohms balanced and this circuitry shall interface with inputs from voice frequency signaling and control equipment, voice switching and control equipment, and radio control equipment. The audio input level shall be adjustable using the Maintenance Data Terminal (MDT). The transmitter shall also interface with an audio input signal generated via a push-to-talk microphone plugged directly into and utilized locally at the transmitter.

3.2.2.2.8 RF Output power

The transmitter shall be unconditionally stable when operating in any mode at any power level for load VSWR’s up to and including 3.0:1. The MDR shall not suffer any damage nor suffer subsequent performance degradation when transmitting in any mode at any power level into a complex impedance of any magnitude and phase, including open and short circuit terminations. The CW RF power output shall be adjustable over a range of 10 to 50 watts.

Mode 3

The transmitter RF output power, measured on any frequency channel for which the equipment is designed, averaged over a voice/data (V/D) transmit burst interval shall be adjustable in approximately 1 dB steps over the range from 15 watts minimum to 50 watts maximum into a nominal 50-ohm load impedance. The transmitter shall be capable of performing this during continuous ground transmit operation in any Mode 3 operating mode. The default power level shall be 15 watts.  The transmitter shall deliver not less than 7.5 watts of RF power into any impedance having a maximum VSWR of 3:1 at any phase angle.
DSB-AM

The ground radio shall be adjustable in approximately 1 dB steps over the range from 10 watts minimum to 25 watts maximum of unmodulated continuous wave (CW) RF power, into a nominal 50-ohm load impedance. The RF power output shall increase by no more than 45 percent when modulated 90 percent with a 1 kHz tone, as referenced to the CW RF power output. The default power level shall be 10 watts.  The transmitter shall deliver not less than 5.0 watts of unmodulated CW RF power, into any impedance having a maximum VSWR of 3:1 at any phase angle.

Intermodulation

Mode 3 - TBD

DSB-AM

All radiated intermodulation products from the transmitter shall be more than 30.0 dB below the carrier output level. The transmitter shall utilize a design that limits intermodulation frequencies from being generated to a level no greater than TBD dBc.

3.2.2.2.9 Duty Cycle

The transmitter shall be designed for 100 percent continuous unattended duty at the maximum rated carrier output.

3.2.2.2.10 Transmitter Ramp-Up and Power Stabilization

Mode 3

The first component of the training sequence shall be the transmitter ramp-up and power stabilization, which shall conform to the following restrictions.

The transmitter ramp-up and power stabilization component of the training sequence shall be defined over t = 0 to t = 5.0. Transmission of the synchronization sequence shall start at t = 5.0. The RF power shall be - 60 dBc (may change depending on the final spectral mask) prior to time = 0 and greater than 90% of nominal output power between t = 2.5 and 5.0. Time (t) is measured in symbol periods (~95.2(sec) from the beginning of the symbol. For consistency and interoperability between D8PSK modes, all symbols shall be transmitted.

Note 1:
  This spectral shaping can be achieved by transmitting three 000 symbols prior to the first symbol of the Synchronization Sequence provided the raised cosine filter is truncated at +/- 2.5 symbol periods.

Note 2:
  It is desirable to maximize the AGC settling time. Efforts should be made to have power above 90% of nominal power at t = 2.0 symbols.

DSB-AM - Not Applicable

3.2.2.2.11 Transmitter Ramp-Down

See paragraph 3.2.2.5.9.
3.2.2.2.12  Transmitter/receiver turn-around time

See paragraph 3.2.3.1.30.

3.2.2.2.13 Transmitter modulation distortion

Mode 3

The error vector magnitude (EVM) of the D8PSK transmitted I/Q constellation shall be not greater than 5 (.

DSB-AM

For any frequency between 300 Hz and 3 kHz, the modulation distortion shall be not greater than 10 percent, with the audio level set from –25.0 dBm to +10.0 dBm (600 ohm) at the transmitter audio input.

3.2.2.2.14 Spurious emissions

Mode 3 and DSB-AM

Spurious levels must meet the limits imposed by the transmit mask of Section 3.2.3.2.18.
Note:  In order to provide adequate protection of a GNSS receiver when a VDL transceiver is operated, special care should be taken should be taken by the manufacturer to ensure that the transmitter harmonic filter remains effective at frequencies in the band 800 to 1800 MHz.

Note:  Spurious emissions exclude the harmonics specified in section 3.2.3.2.17.

3.2.2.2.15 Harmonic Output

Mode 3 and DSB-AM

The level of each harmonic frequency of the carrier shall be less than -70.0 dBc (-65 dBc at GPS frequencies) when measured at the antenna connector. This measurement will be at full power level.

3.2.2.2.16 Adjacent channel power

Mode 3 (15 Watt) and DSB-AM (10 Watt carrier power, modulated 90% AM with 1 kHz tone)
The amount of power from a transmitter under all operating conditions when measured over the 25 kHz channel bandwidth of the first adjacent channel shall not exceed 2 dBm.  The amount of power from a transmitter under all operating conditions when measured over the 25 kHz channel bandwidth of the second and third adjacent channel shall be –23 dBm maximum, -28 dBm maximum for the fourth through seventh, -33 dBm maximum for the eighth through fifteenth channels, -50 dBm maximum for the sixteenth through nineteenth, and -70 dBm maximum (-80 dBm goal) for any channel greater than or equal to twenty away from the tuned channel center.

Mode 3 (50 Watt) and DSB-AM (25Watt carrier power, modulated 90 ( AM with 1 kHz tone

The amount of power from a transmitter under all operating conditions when measured over the 25 kHz channel bandwidth of the first adjacent channel shall not exceed 7 dBm.  The amount of power from a transmitter under all operating conditions when measured over the 25 kHz channel bandwidth of the second and third adjacent channel shall be –18 dBm maximum, -23 dBm maximum for the fourth through seventh, -38 dBm maximum for the eighth through fifteenth channels, -45 dBm maximum for the sixteenth through nineteenth, and –65 dBm maximum (-75 dBm goal) for any channel greater than or equal to twenty away from the tuned channel center.

3.2.2.2.17 Collocation

Mode 3

This requirement is the same as 3.2.3.1.19.

3.2.2.2.18 Carrier-induced noise

Mode 3 - Not applicable 

DSB-AM 

The carrier induced audio noise level due to the transmitter, with a 10 watt CW (unmodulated) carrier, shall be at least 40.0 dB below the detected receiver output measured when modulating the carrier 90 percent with a 1 kHz test tone.

3.2.2.2.19 Load VSWR capability

Mode 3

When a 3:1 mismatch under all possible phase angles is applied to the 50 ohm transmitter output the requirements of sections 3.2.3.2.15, 3.2.3.2.16 and 3.2.3.2.17 shall be met. In addition, the power output shall be not less than -3 dB of the declared value (see section 3.2.3.2.9).

DSB-AM

When a 3:1 mismatch under all possible phase angles is applied to the 50 ohm transmitter output the requirements of sections 3.2.3.2.16 and 3.2.3.2.17 shall be met. In addition, the power output shall be not less than -3 dB of the declared value (see section 3.2.3.2.9).

3.2.2.2.20 Keying

Mode 3 - See section 3.2.3.3.11

DSB-AM

The transmitter shall be capable of both local and remote keying. Local keying shall be via a push-to-talk microphone connected directly to the transmitter.  Remote keying shall be via the application of a ground, or alternately, a nominal +6 VDC (+5.5 VDC min. to +6.5 VDC max.), to electrical connector J5, Pin "H" as referenced in paragraph  3.2.3.2.2 herein.  Selection of the remote keying method shall be made via jumpers or other devices internal to the transmitter. The source current required shall not exceed 10 milliamperes. The keying time shall not exceed 35 milliseconds.  Remote and local keying shall remain at a steady state condition when keyed.

3.2.2.2.21 Frequency Tolerance 

Mode 3 and DSB-AM

The transmitter frequency tolerance shall be within 0.0001% (+/-1ppm) or better for any frequency over the full specified frequency range including temperature and aging effects.

3.2.2.2.22 Receiver and transmitter antenna connectors

Mode 3 and DSB-AM

The receiver and transmitter shall be designed to allow 1) the use of separate antenna connectors, a transmitter connector and a receiver connector, both of which shall be designed for connection to 50 ohm characteristic impedance coaxial cables, or 2) to share a common 50 ohm antenna port. The MDR shall be user configurable to allow either of these configurations. These Radio Frequency (RF) input and output connectors shall be coaxial type N female and shall conform to MIL-STD-1353, section 200.

3.3 Interfaces

3.3.1 Legacy Interfaces between RCE and MDR

The NEXCOM System will be operated and maintained in the same facilities as the existing A/G communication system facilities. The system equipment will be integrated into these existing facilities as smoothly as possible, replacing the current equipment.

NEXCOM Segment 1 will be a replacement of the current ground-based analog radios at High/Superhigh En Route facility locations with programmable Multi-Mode Digital Radios (MDRs) and Radio Interface Units (RIUs) with an integrated voice encoder (VOCODER). 

During the initial transition phase of Segment 1 the MDRs will be operated in the 25kHz DSB-AM mode used by the legacy radios. NEXCOM MDRs will be required to support Air/Ground communications activities, which includes the replacement and expansion of the existing A/G infrastructure using the legacy interface.  Existing telecommunications and Radio Control Equipment (RCE) will remain in operation on all voice channels for the foreseeable future.  NEXCOM radio equipment shall support the existing interfaces for AC and DC power, Remote receiver interfaces, Remote transmitter interfaces, Local receiver audio and local microphone with keying. Remote Maintenance Monitoring will be a requirement of the final Segment 1 interface and is not required as part of the legacy interface.

3.3.1.1 Radio Frequency (RF) Connectors

Radio Frequency (RF) input connectors shall be coaxial type N female and shall conform to MIL-STD-1353, section 200.

3.3.1.2 Electrical Input Power Connectors

Electrical input power connectors shall be of the following types: two conductor polarized for DC inputs and three-conductor National Electrical Manufacturers Association type for AC inputs.  Both power connectors shall conform to MIL-STD-1353, section 102. Commercial equivalent connectors acceptable if available.

Issue: What commercial connector numbers would you recommend?

Transceiver AC Power Connector

Pin Number
Signal

G
AC Ground

N
AC Neutral

L
AC Line

Transceiver DC Power Connector

Pin Number
Signal

1
+24 VDC Input

2
Ground

3
Not connected

Transceiver Receive Remote Connector

This electrical connector shall be capable of interfacing with an existing FAA connector (part number MS3108A24-28S).

Transceiver Receive Remote Connector

Pin Number
Signal

A
Not connected

B
Not connected

C
Remote Audio

D
Remote Audio Return

E
Not connected

F
AGC Test Point

G
Not connected

H
Ground

3.3.1.3 Transceiver Transmitter Remote Connector

This electrical connector shall be capable of interfacing with an existing FAA connector (part number MS3108A24-28S).

Transceiver Transmit Remote Connector

Pin Number
Signal

A
Ground

B
Not Connected

C
Not Connected

D
Not Connected

E
Forward Power

F
Remote Audio 1

G
Not Connected

H
Remote Key *

J
Remote Audio 2

K
Reverse Power

*Remote keying shall be via the application of a ground, of alternately, a nominal +6 VDC (+5.5 VDC min. to +6.5 VDC max.). The source current required shall not exceed 10 milliamperes. Selection of the keying method shall be made internal to the transmitter function.

3.3.1.4 Local Headset Connection

The front panel connector shall interface with a type NT49985A or equivalent headset.

Transceiver Headset Connector

Pin Number
Signal

1 (Ring)
Headset Audio Output

2 (Sleeve)
Headset Audio Return

3.3.1.5 Local Microphone Connection

The front panel connector shall mate with plug PH068 for use with either the M85/U carbon microphone, or with a MS3106A-14S-5S dynamic microphone.

Transceiver Microphone Connector

Pin Number
Signal

1 (Ring)
Microphone Audio Input

2 (Sleeve)
Ground

3 (Tip)
Keyline

3.3.2 Interfaces between MDR and RIU

The interfaces between MDR and RIU are detailed in FAA-E-XXXX, Interface Control Document for the Multimode Digital Radio and Radio Interface Unit.
3.4 Design and Construction

The equipment shall be constructed and fabricated to be installed and integrated into rack configurations at FAA air/ground radio communication facilities.  The air/ground radio equipment specified herein shall be designed to provide a means for ground based Air Traffic Controllers to send radio transmissions.

3.4.1 Physical Characteristics  

The equipment shall be constructed, fabricated, and delivered in accordance with the requirements contained herein.

3.4.1.1 Mechanical Construction 

The equipment shall be mechanically constructed to permit ready access to all modules, PCBs, units, assemblies, etc. and conform to the line replaceable unit (LRU) maintenance concept.  Each article of the equipment and each major subassembly forming a part thereof shall provide for the necessary access to its interior parts, test points, terminals, and wiring for adjustments, required circuit checking, and removal/replacement of maintenance parts.  This accessibility for maintenance and repair shall be achieved while minimizing the necessity for partial or complete removal of adjacent modules or units.  Accessibility for testing and replacement does not apply to parts located in non-repairable assemblies or subassemblies. For routine servicing and maintenance, unsoldering of wires, wire harnesses, parts, or assemblies shall not be required in order to gain access to terminals, soldered connections, mounting screws, etc.  The structural strength and rigidity of the equipment shall be such that normal handling in loading, shipping, unloading, and installing into a FAA standard rack configuration and later reloading, shipping, unloading, and installing into another FAA standard rack configuration or facility will not result in any permanent set or deformation which could impair or interfere with the operation or the ease of maintenance.  Design shall be such that where plug-in modules or assemblies are used, they can be easily inserted in the proper location when correctly oriented without damage to equipment or parts being engaged.  Guide pins, locating pins, slides, or equivalent shall be employed for mechanical alignment and to prevent binding or damage to parts during installation.  Plug-in modules and assemblies shall be designed to prevent insertion when incorrectly oriented.  Plug-in modules and circuit cards shall be secured with common type fasteners, except where these types of fasteners do not provide positive contact for RF shielding purposes.  Equipment shall be designed for optimum accessibility, operating compatibility, maintenance, electromagnetic compatibility, and enclosure requirements as specified in paragraph 3.4.2.3 herein.

3.4.1.1.1 Equipment Layout  

The internal/external transceiver layout shall accommodate all equipment configurations and capacities.

3.4.1.1.2 Equipment Size 

The transceivers shall be constructed to allow for installation into a standard FAA 19" equipment rack.  Mounting hole dimensions, spacing, and panel size shall be as specified in EIA-310D (old designation EIA-RS-310C-77).  Transceivers shall not exceed TBD" in height or 18.5" in depth.

3.4.1.1.3 Equipment Weight 

The transceivers shall not exceed TBD pounds in weight.

3.4.1.1.4 Equipment Slides

The equipment shall be designed as to allow access to control, monitoring and maintenance activities with the equipment bolted to the standard FAA equipment rack. The need for slides should be minimized.

3.4.1.1.5 Nameplates  

Each transceiver furnished shall have a nameplate mounted on the front of the chassis designed as specified in FAA-G-2100, paragraph 3.10 and associated subparagraphs.

3.4.1.1.6 Test Points

The design of the transceivers shall incorporate test points or fault indicators to facilitate troubleshooting and fault isolation.

3.4.1.1.7 Pin Layout Identification 

Numbering or lettering on, or immediately adjacent to, the connectors shall identify all connector pins.

Threaded Device Identification

All screws that must be removed during the removal of modules shall be color coded to allow for easy recognition.

3.4.1.1.8 Printed Wiring Identification

Printed wiring and printed wiring boards shall be used to the greatest extent practical to interconnect electronic components such as resistors, transistors, capacitors, diodes, integrated circuits, etc.  Multi-layer printed boards may also be used to minimize point-to-point conventional wiring.

3.4.1.1.9 Protective Coating

Protective coatings shall be utilized when necessary to provide protection from corrosion, abrasion, or other deleterious actions.

3.4.1.2 Requirements

3.4.1.2.1 Common Technical Requirements

3.4.1.2.2  Transceiver

The transceivers shall meet the following technical requirements:

3.4.1.2.2.1 Transceiver Installation/Removal 

The transceiver shall be designed to be installed, removed, and reinstalled with a minimum of common tools and without extensive disassembly.

3.4.1.2.2.2 Transceiver Set Up

The transceiver shall be initially set up and adjusted under normal test conditions (FAA-G-2100, Table II, Nominal Design and Normal Test Values), following the procedures in the technical instruction book.

3.4.1.2.2.3 Transceiver Warm-up

The transceiver shall be capable of meeting the requirements of full power operation within 30 seconds of turn on.

Transceiver Inputs/Outputs

3.4.1.2.2.4 Transceiver Protection Devices

3.4.1.2.2.4.1 Transient Protection 

The transceiver shall contain protective devices in the antenna circuits to protect the output stages of the RF amplifier stages of the transceiver from destructive transients of greater than 10 milliseconds duration originated by lightning, static, or other external transient sources.  The protective devices shall provide a non-resonant static discharge path.

3.4.1.2.2.4.2 Thermal Protection 

The equipment shall contain a thermal circuit for protection against overheating of the transceiver.  The thermal circuit shall not cause a reduction in power output when operating within the duty cycle and environmental conditions specified herein.

3.4.1.2.2.4.3 Shock and Vibration Protection 

Shock and vibration protection shall conform to MIL-STD-810, Method 516.3, Procedure VI-Bench Handling.  In all cases, no fixed part shall become loose, no movable part or permanently set adjustment shall shift its setting or position, and no degradation in transceiver performance shall occur under the environmental service and operational conditions specified herein.

3.4.1.2.2.4.4 Grounding, Bonding, and Shielding 

Grounding, bonding, and shielding protection shall be as specified in FAA-STD-020, paragraphs 3.8, 3.9, and 3.10, and associated subparagraphs.

3.4.1.2.2.4.5 Loss of Input Voltage  

The loss or variance of input voltage, including loss of voltage caused by activation of circuit protector devices, shall not cause or induce any damage to any component in this equipment or other interfacing equipment.

3.4.1.2.2.4.6 Acoustical Noise Criteria Requirement 

The acoustic noise criteria requirement shall apply to all equipment located in areas normally requiring verbal communications.  Sound pressure and acoustic noise levels generated by the equipment in normal operation shall not exceed the limits as specified in FAA-G-2100, Table I, Sound Pressure Limits.

3.4.1.2.2.4.7 Reverse Polarity Protection  

The transceiver shall incorporate reverse polarity protection to prevent damage to the equipment if the polarity of the 24 VDC input voltage is reversed.

3.4.1.3 Controls

The transceiver shall have provisions for both local and remote control operation.  The local provision shall, as a minimum, allow site maintenance personnel to locally control, operate, adjust, and test the transceiver.  The remote provision shall, as a minimum, allow personnel to remotely control the transceiver via inputs from voice frequency signaling and control equipment (tone), voice switching and control equipment, and radio control equipment.  All operator interaction displays must be back-lit.

3.4.1.3.1 Frequency Change Time 

The time required to completely retune the transceiver to a new frequency, including any required realignment, shall not exceed 30 minutes.  Transceivers shall include protective features to guard against inadvertent frequency changes.

3.4.1.3.2 Detents 

The controls with an "OFF" position shall have a detent or equivalent in the OFF position to prevent inadvertent turn off.

3.4.1.3.3 Adjustment Range 

The adjustment range of operator and maintenance controls shall be designed to preclude damage to the transceiver or its subassemblies when adjusted to the limits of the control travel.  The range of control shall be designed to reduce the sensitivity and criticality of the adjustment task to the maximum extent possible.

3.4.1.3.4 Power Switches/Power On Indicators

The transceiver shall, as a minimum, have a front panel mounted AC power switch.  A corresponding AC power on indicator shall also be provided.  A separate front mounted power switch may be utilized for DC power control.  A DC power on indicator should be provided if a separate DC power switch is used.  Light emitting diodes (LED) are preferable for power on indicator use.  Power switches shall have detent action to indicate activation and shall show circuit closure by switch position or labeling.

3.4.1.3.5 Functions and Labeling

Labeling shall be permanent, legible, and mounted so that the data are visible to personnel without the necessity for disassembly of the part or of adjacent functional or structural parts.  Connectors shall be identified on the plug-in side by work labels descriptive of their specific functions.  All fuse positions shall be marked with the rated current capacity, voltage rating, and type of fuse to be employed therein.  Delayed action fuses shall have the additional designation "SLOW".

All fuse markings shall be on the insertion side, so as to be visible when replacing fuses.  The following functions and inputs/outputs shall be available on the transceiver:   

Item
Labeling

AC Power ON/OFF Switch
AC PWR ON

DC Power ON/OFF Switch(optional)
DC PWR ON

AC Power ON Indication Light
AC PWR

DC Power On Indication Light(optional)
DC PWR

Microphone Jack
MIC

Transmit Key Indication
XMIT

AC Fuse Holder/Circuit Breaker AMP (TBS)
120 VAC/60 Hz

DC Fuse Holder/Circuit Breaker AMP (TBS)
24 VDC

AC Input Power Connector
120 VAC/60 Hz

DC Input Power Connector
24 VDC

Antenna Connector
ANTENNA

Interface
J5

3.4.1.4 Electrical requirements

3.4.1.4.1 Power requirements

The equipment shall meet the requirements of this specification with primary line input voltage of 120 VAC (+/-10%), 60 Hz (+/-3 Hz) single phase and with an alternate line input voltage of 24 VDC, negative ground, (-10/+20%). During the loss of primary AC line input voltage (or non-availability of AC voltage) the equipment shall be designed for automatic line voltage switchover.  Activation of this internal switchover capability shall allow for equipment operation from a DC voltage source.  The equipment must operate under varying conditions such as slow variations of AC and DC line voltages and AC line frequency, within the ranges specified in FAA-G-2100, Table IV, Voltage Range.  The equipment shall be provided with(a)removable six foot, three conductor AC power cord(s) and (a) removable six foot, two conductor DC power cord(s).  The AC cord(s) shall have the ground lead configured for connection to chassis ground as specified in FAA-G-2100.  The equipment shall be protected from damage due to application of reverse polarity DC input voltage as specified in paragraph 3.2.1.2.1.7.9 of FAA-P-2884.  Both AC and DC voltage inputs will be from the rear of the equipment, and when practical, be located on the lower right side of the equipment as viewed from the rear.  The maximum current draw for the equipment shall be as listed in Table 3-5.

Table 3-5
Power Requirements

COMPONENT
AC CURRENT (AMPERES)
DC CURRENT (AMPERES)

Receiver
TBD
TBD

Transmitter
TBD
TBD

3.4.1.4.2 Circuit Protection 

All equipment input/output circuits shall be designed to include circuit protection, which prevents opens or shorts at the input/output terminals from damaging the equipment.  When the short or open is removed, circuit performance shall show no sign of performance degradation in accordance with FAA-G-2100, paragraph 3.3.2.2.

3.4.1.4.2.1 Current Overload Protection

Current overload protection for the equipment shall be provided by fuses, circuit breakers, or other protective devices for primary input AC and DC circuits as specified in FAA-G-2100, paragraph 3.3.2.3.4.1.

3.4.1.4.2.2 Protective Caps

Protective caps designed for mating with normally unmated or infrequently used connectors (i.e., local microphone input jacks or test/diagnostic input/output connectors), shall be provided.

3.4.1.4.2.3 Electrostatic Discharge Control

Control provisions, methods, and techniques to reduce and prevent the susceptibility to Electrostatic Discharge (ESD) damage shall be engineered in the design and implemented in the production of the transceivers.  All circuits and components utilized in the transceivers that are susceptible to damage by ESD shall be protected as specified in FAA-STD-020, paragraph 3.12.3. 

3.4.1.4.2.4 AC Harmonic content

The total harmonic content of the input current caused by the equipment (in all of its configurations) and fed back into the AC power source shall not exceed five percent of the fundamental AC power line frequency (60 Hz), and no single harmonic shall be greater than three (3) percent of the fundamental AC power line frequency.

3.4.1.4.2.5 AC Inrush current limiting
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Figure 3-9.
Inrush Current Limiting Requirements
The equipment AC inrush current characteristics (in all of the equipment configurations) shall fall below the Maximum Inrush/Nominal Peak vs. Duration Curve shown in Figure 3-9. The duration of the inrush current shall be measured from the point at which the power is turned on to the point that the current returns to within 110% of its normal value.

3.4.1.4.2.6 AC power factor

The equipment (in all of its configurations) shall present a power factor to the AC power source of not less than 0.85 leading or lagging when operating under steady state conditions, from 25% to 100% of full load at the nominal line voltage (120VAC).

3.4.2 Environmental Conditions

The equipment shall be designed and constructed of materials to withstand any combination of environmental and service conditions specified below without causing damage or degradation of performance below the requirements of this purchase description.

3.4.2.1 Operating Conditions  

The equipment shall be capable of full operation in an unattended facility under the following conditions:

Temperature Range
-10 to +50 Degrees Centigrade

Relative Humidity

5 to 90 % (above 40 (C, the relative humidity is based on the dew point of 40(C)

Altitude
15,000 Feet

3.4.2.2 Non-Operating Conditions  

Non-operating conditions for the equipment are those conditions affecting equipment in storage, in shipment, in the process of being installed at a site and installed at a site but non-operating.  The equipment shall meet the following requirements for a non operating environment:

Temperature Range
-10 (C  to  +70 Degrees Centigrade 

Relative Humidity
up to 100 % including condensation due to temperature changes

Altitude
50,000 Feet

3.4.2.3 Equipment Ventilation and Cooling

The equipment shall operate in a room environment without need for heating or external forced-air ventilation.  The transceiver design shall be such that convection cooling will be utilized to the maximum extent possible. No accessible area on the transceiver shall exceed the temperature which would constitute a safety hazard to personnel.

Materials, Processes, and Parts

All parts and materials used in the transceiver shall be new and shall conform to the highest grade specification.  This means that the components shall be equal to or better than those components meeting the applicable EIA standards and suitable for the purpose intended.  All parts used in the transceiver shall be operated within their electrical ratings and the environmental requirements of this purchase description.

3.4.2.4 Ferrous Materials

Ferrous materials shall be corrosion-resisting types or shall be suitably protected to withstand a salt spray test for a minimum of 48 hours as specified in FED-STD-151.

3.4.2.5 Adhesives

Adhesives shall be resistant to swelling or other deterioration caused by contact with air, moisture, fungus, gases, ozone, or solvents which may be encountered in use.  Adhesives which are not compatible structurally shall be avoided.  For assemblies which may be flexed or subject to impact, a brittle adhesive shall not be used.

3.4.2.6 Arc-resistant Materials

Arc-resistant materials used for insulation of electrical power circuits, where arcing is likely to occur, shall conform to the arc-resistant Test Method 4011 of FED-STD-406.

3.4.2.7 Dissimilar Metals

Selection and protection of dissimilar metal combinations shall be in accordance with MIL-STD-889.

3.4.2.8 Fibrous Material 

Fibrous material shall not be used.

3.4.2.9 Flammable Materials

Flammable materials shall not be used without prior FAA approval.  The test in a material specification shall be the factor in determining the flammability and fire retardant features of that material.  If the specification does not have such a test, materials shall be tested in accordance with ASTM-D-568, ASTM-D-635, or ASTM-D-1000.  Materials not covered by the tests above shall be tested in accordance with a procedure proposed by the manufacturer and approved by the FAA.

3.4.2.10 Semiconductor Devices

The choice, specification, and application of semiconductor devices shall be in accordance with MIL-STD-454, Requirement 30.  Maximum use of multisource devices shall be made.

3.4.2.11 Electronic Switches 

Electronic switches shall be employed in place of electromagnetic relays including devices utilized for RF coaxial switching.

Electromagnetic Compatibility 

Electromagnetic emission and susceptibility testing shall be performed on regular production equipment.  The test requirements of MIL-STD-461 and test procedures of MIL-STD-462 shall be used for this testing.  For the purposes of this procurement, this equipment shall be classified and tested as class A3 equipment as detailed in MIL-STD-461, Part 4.  Where conflict exists between "Navy Procurement" and "Army Procurement", the "Army Procurement" shall take precedence.  The tests required by this paragraph are all considered "applicable" as defined in MIL-STD-461.  As a minimum, the testing shall include the following requirements: CE03, CE07, CS01, CS02, CS06, RE01, RS02, and RS03.  For the purpose of testing RE02, this equipment shall be classified and tested as class A1c equipment as detailed in MIL-STD-461, Part 2.  In the event of failure, see paragraph 4.5.1 herein.

3.4.3 Workmanship 

Workmanship shall be in accordance with the requirements of this purchase description, FAA-G-2100, and MIL-STD-454, Requirement 9. Professional standards for packaging, craftsmanship and artwork shall be followed in all hardware fabrication efforts.  Equipment shall be fabricated and assembled to produce quality equipment.  Workmanship related to the application of standard processes used in the fabrication of the transceiver shall conform to the requirements of the process specifications called out on the manufacturer's specific assembly drawings.  Workmanship shall be applicable to soldering, marking of parts and assemblies, wiring, welding and brazing, plating, riveting, finishes, machine operation, screw assemblies, and freedom of parts from burrs, sharp edges, or any other damage or defect making the part or equipment unsatisfactory for the purpose intended.  Parts or hardware shall be assembled, secured or mounted in the specified manner to satisfactorily accomplish the purpose for which intended.  After fabrication, parts and assembled equipment shall be cleaned of smudges; loose, spattered, or excess solder; weld metal; metal chips and mold release agents or any other foreign material which might detract from the intended operation, function, or appearance of the equipment.  Cleaning processes shall have no deleterious effect on the equipment or parts. Screws, nuts, and bolts shall show no evidence of cross threading, mutilation, or detrimental/hazardous burrs.  All screw-type fasteners shall be tight.  Insulated wire running between subassemblies within the equipment shall be formed into cables or ducted wherever practicable.  The clearance between wires or cables and heat generating parts shall be such as to avoid deterioration of the wires or cables from the heat dissipated by these parts under the specified service conditions of the equipment.  Shielding on wires and cables shall be secured in a manner preventing it from contacting or shorting exposed current carrying parts.

3.4.4 Interchangeability 

Functional interchangeability shall be maintained between transceivers purchased under this document and existing transceivers operating as air/ground equipment.  Provisions shall be made for design tolerances.  Standard items shall be used when available.

Safety 

The inherent design of the equipment shall provide for maximum safety to personnel involved in equipment operation and maintenance.  Equipment malfunction shall in no way contribute to the destruction of the equipment or any part of its environment.  Safety shall conform to the requirements of FAA-G-2100 and MIL-STD-454, Requirement 1.

3.4.5 Human Performance/Human Engineering 

Human engineering principles and criteria applied to the design shall be reflected in the transceiver to assure that the final product can be efficiently, reliably, and safely operated and maintained.  The transceiver design shall reflect human engineering inputs to satisfy the functional and technical design requirements and to insure that the equipment will meet the applicable criteria contained in MIL-STD-1472 and MIL-H-46855.

3.5 Quality Factors

3.5.1 Reliability

3.5.1.1 Mean Time Between Failure  

The predicted Mean Time Between Failure (MTBF) for the transceiver shall be not less than 26,280 hours.

3.5.2 Maintainability 

The transceivers shall be configured with test points, and parameter adjustment capability to provide ease in evaluating performance and making routine maintenance adjustments.  The equipment shall incorporate a modular design in order to conform to a LRU maintenance concept (a concept that site repair shall be limited to the exchange of a LRU(s) in restoring service).

3.5.2.1 Mean Time To Repair  

The Mean Time To Repair (MTTR) of the transmitter shall not be greater than 30 minutes at the site.

3.5.2.2 Mean Time To Repair Maximum

The Mean Time To Repair Maximum (MTTR Max) of the transmitter shall not be greater than 3 hours at a depot level work station.

3.5.2.3 Modularity Requirements  

The equipment shall consist of a family of interchangeable modules constructed, fabricated, and assembled in a configuration to provide all functions specified in this purchase description.  Each unit shall be composed of a series of interconnecting modules, each of which shall be removable with a minimum of effort using readily available small common hand tools.  Each module shall be separate and interchangeable with modules performing the same function in other equipment of the same model and type.  The integration of these functional modules into operational configuration shall be possible by providing matched module interfaces which will permit field installation without requiring modification to either existing facility equipment or this equipment.

3.5.2.4 Removable Parts and Mating Connectors 

Each piece of equipment furnished by the Contractor shall be complete with an installed set of fuses, lamps, plug-in type components, and other similar parts which are used in the equipment and are designed for quick removal and replacement.  When two or more pieces of equipment furnished under the contract require interconnection, the Contractor shall supply the necessary mating connectors (except coaxial) for both Contractor furnished equipment and associated equipment which interface with Contractor furnished equipment.

3.5.2.5 Preventive Maintenance 

The equipment shall be configured so preventive maintenance can be performed without disrupting the on-line component.  Preventive maintenance intervals shall meet or exceed 90 days.

3.5.2.6 Flexibility and Expansion 

The system layout shall include accommodation of all of the equipment configurations and capacities.

3.5.3 Availability 

Availability is defined as a measure of the degree to which the transceiver is in an operable and committable state at the start and the probability the transceiver will be operationally ready to perform its function when called upon at any point in time.  The transceiver shall possess a level of reliability such that the availability shall be no less than 0.9999.

3.5.4 Service Life

The transceiver shall have a minimum useful service life of 10 years.

3.6 Logistics 

Logistics support shall be provided in accordance with MIL-STD-1388-1, MIL-STD-1388-2, MIL-STD-1561, and FAA-G-1375.  Specific logistics requirements are contained in the Statement of Work.

Support Concept 

The support concept shall be in accordance with the National Airspace Integrated Logistics Support (NAILS) program.  Maintenance planning shall be based on removal and replacement of faulty LRUs at the site.  Defective LRUs shall be returned to a depot level maintenance activity for repair.  The expected service life of the transceiver is specified in paragraph 3.4.1.2 herein.

3.6.1.1 Test Equipment 

The equipment shall be fully field maintainable by use of existing FAA general purpose test equipment with the exception of module extender cables/boards which shall be provided by the Contractor.

3.6.2 Support Facilities

3.6.2.1 Hardware Support 

Hardware support shall be in accordance with the Statement of Work.

3.6.3 Supply 

The Contractor shall provide supply support in accordance with MIL-STD-1388-2, MIL-STD-1561, FAA-G-1375, and the Statement of Work.

3.6.4 Training 

The Contractor shall prepare and submit a Training Plan for maintenance training in accordance with the requirements of FAA-STD-028 and as specified in the Statement of Work.  Commercial training may be used if specifically authorized by the FAA Contracting Officer.

3.6.5 Technical Instruction Books  

Technical instruction books shall meet the requirements of FAA-D-2494 and the Statement of Work.  Commercial manuals which meet the requirements of FAA-D-2494, Appendix I will be acceptable if reviewed and approved by the Government.

3.6.6 Documentation

Documentation shall be developed by the Contractor as specified in the Statement of Work.

QUALITY ASSURANCE PROVISIONS

3.7 Quality Control Provisions  

The Contractor shall be responsible for conducting all inspections and tests as specified herein to assure product conformance with requirements of the contract and this purchase description.  All inspections and tests made by the Contractor shall be subject to Government inspection.  The Contractor shall submit a Quality Control System Plan and maintain a quality control program in accordance with FAA-STD-016, FAA-G-2100, section 4, and Part I section E of this solicitation.

3.7.1 Test Documentation  

All aspects of the transmitter testing shall be documented.  Contractor test plans, test procedures, test data, and test reports shall be submitted for approval as specified in FAA-STD-024, FAA-G-2100, and the Statement of Work.

3.7.2 Inspection Conditions  

Unless otherwise specified, all testing shall be performed under the following conditions:


Temperature:
Room Ambient, +19C (+67F) to +25C (+77F)


Pressure:

Nominal atmospheric pressure of 29.92 inches of Mercury


Humidity:
Greater than 25 percent relative humidity

3.8 Contractor's Master Test Plan  

The Contractor shall prepare and deliver a Contractor's Master Test Plan (CMTP), in accordance with the Statement of Work and FAA-STD-024.  The CMTP shall reflect the overall test philosophy and describe all tests to be conducted as a means of proving compliance with the Statement of Work and this purchase description.

3.9 Production Acceptance Test and Evaluation Plan

The Contractor shall prepare and deliver a Production Acceptance Test and Evaluation (PAT&E) plan in accordance with FAA-STD-024, describing in detail each test to be accomplished in meeting the requirements of the contract schedule, the Statement of Work and this purchase description.  The PAT&E plan shall, as a minimum, include testing in the following areas:

a) Contractor Preliminary Tests (FAA-G-2100, paragraph 4.3.1)

b) Type Tests (FAA-G-2100, paragraph 4.3.3)

c) Production Tests (FAA-G-2100, paragraph 4.3.4)

d) Reliability and/or Maintainability Demonstration Tests (FAA-G-2100, paragraph 4.3.6)

e) Electromagnetic Compatibility Tests (FAA-G-2100, paragraph 3.3.8)

Detailed procedures utilized in the above Type and Production tests shall reference the specific purchase description paragraph number being demonstrated.  Tests shall be completed according to the level specified in the Verification Requirements Traceability Matrix (VRTM) using the appropriate verification methods.  The VRTM traces the individual requirements of section 3 of this document to the method of verification (i.e., testing, inspection, analysis, and demonstration).

3.10 Infant Mortality Reduction

In addition to the above tests, each transceiver shall be subject to a preconditioning sufficient to identify manufacturing and infant mortality flaws.  As a minimum, preconditioning shall include operation at the temperature extremes, on/off cycling, and vibration.  All failures shall be documented and analyzed with appropriate corrective action or actions taken if failure trends are indicated.

3.11 Tests

The Contractor shall accomplish the necessary testing on regular production equipment, selected by the Government representative, to prove compliance with the requirements of this purchase description, the Statement of Work, and FAA-G-2100.  As a minimum, the test effort should include the testing outlined in paragraphs 4.5.1 through 4.5.6 herein.

3.11.1 Contractor Preliminary Tests

The Contractor shall perform Preliminary Tests in accordance with FAA-G-2100, paragraph 4.3.1 to insure satisfactory performance before formal testing is commenced.  Failure of the equipment to meet specified requirements shall compel the Contractor to determine the reason for noncompliance.  The Contractor shall be responsible for all corrective action necessary to ensure full compliance with this purchase description.  The Contractor shall complete all repair or rework prior to submission for retest.  The Government will determine the extent of retest required.  No retest shall be commenced until the Contractor has submitted in writing all information concerning the noncompliance and the corrective action taken including sufficient testing of the repair or rework by the Contractor to verify correct measures were effective prior to submitting the item for Government witnessed testing.  If a review of the reasons for failure to comply with the purchase description requirements indicates the cause may exist as latent defects in items previously accepted, the Contractor shall be responsible for correcting the defects in all units in a timely manner, even those previously accepted by the Government.  In addition, any adjustments made to the equipment during a test shall require the affected verification process be repeated from the start.

3.11.2 Type Test

The Type Test shall be performed at a facility acceptable to the Government on regular production equipment selected by the Government representative.  The Type Test shall be performed for each of the equipment intervals determined by the quantities specified in the contract and in FAA-G-2100, paragraph 4.3.3.1.  The specific Type Tests to be performed shall include the test requirements marked "TT" and verification methods designated in the contractor supplied and FAA approved VRTM.  Type Tests shall be performed using the range of specified service conditions given in paragraphs 3.3.2.1 and 3.3.2.2 herein.  In the event of failure, see paragraph 4.5.1 herein.

3.11.3 Production Tests

The Production Test shall be performed at a facility acceptable to the Government on each piece of regular production equipment as specified in FAA-G-2100, paragraph 4.3.4.  The specific Production Test to be performed shall include the test requirements marked "PT" and verification methods designated in the contractor supplied and FAA approved VRTM.  The Production Tests shall be performed under normal test conditions, (paragraph 4.1.2 herein) unless otherwise specified.  In the event of failure, see paragraph 4.5.1 herein.

3.11.4 FCC Type Acceptance and Registration Procedures

The Contractor shall obtain FCC Type Acceptance on the first production equipment, in accordance with FCC Rules and Regulation, Part 2 and Part 68, using the conditions specified in FAA-G-2100, paragraph 4.3.5.  In the event of failure, see paragraph 4.5.1 herein.

3.11.5 Reliability and Maintainability Demonstration Tests

The Reliability Demonstration Test shall be performed in accordance with MIL-STD-781 and FAA-G-2100.  The tests shall be conducted on regular production equipment under normal test conditions (paragraph 4.1.2 herein) with input line voltage variation at an average frequency of not less than once each 72 hours. 

The Maintainability Demonstration Test shall be performed in accordance with MIL-STD-470 and of FAA-G-2100.  In the event of failure, see paragraph 4.5.1 herein.

3.11.6 Electromagnetic Compatibility Tests

Electromagnetic emission and susceptibility testing shall be performed on regular production equipment.  The test requirements of MIL-STD-461 and test procedures of MIL-STD-462 shall be used for this testing.  For the purposes of this procurement, this equipment shall be classified and tested as class A3 equipment as detailed in MIL-STD-461, Part 4.  Where conflict exists between "Navy Procurement" and "Army Procurement", the "Army Procurement" shall take precedence.  The tests required by this paragraph are all considered "applicable" as defined in MIL-STD-461.  As a minimum, the testing shall include the following requirements: CE03, CE07, CS01, CS02, CS06, RE01, RS02, and RS03.  For the purpose of testing RE02, this equipment shall be classified and tested as class A1c equipment as detailed in MIL-STD-461, Part 2.  In the event of failure, see paragraph 4.5.1 herein.

3.12 Operational Test and Evaluation

OT&E testing is composed of FAA Technical Center OT&E/Integration testing and OT&E Shakedown testing.

3.12.1 Technical Center OT&E/Integration Testing

The Contractor shall deliver and install OT&E equipment at the FAA Technical Center for the purpose of OT&E/Integration Testing.  Quantities of OT&E equipment shall be contained in the Statement of Work.  The Contractor shall also provide the FAA engineering support services and hardware maintenance support services during OT&E/Integration testing.  OT&E/Integration testing of this equipment will prove compliance with the requirements of this purchase description.  In the event of failure, see paragraph 4.5.1 herein.

3.12.2 OT&E/Shakedown Testing

The Contractor shall provide engineering support services and hardware maintenance support services to the FAA during the FAA's OT&E/Shakedown testing.  OT&E/Shakedown testing shall be preformed at a specified FAA regional site and provide testing for operational suitability and effectiveness.  In the event of failure, see paragraph 4.5.1 herein.

3.13 Verification Methods

Verification methods shall be utilized in measuring equipment performance and compliance of individual requirements contained in this purchase description.  The four verification methods, (TEST, DEMONSTRATION, ANALYSIS, and INSPECTION), listed in decreasing order of complexity, are described as follows: 

a) TEST.  Test is a method of verification wherein performance is measured during or after the controlled applica​tion of functional and/or environ​mental stimuli. Quantita​tive measure​ments are analyzed to determine the degree of compliance.  The process uses laboratory equipment, procedures, items, and services. 

b) DEMONSTRATION.  Demonstration is a method of verification where qualitative determination of properties is made for an end item, including the use of technical data and documentation.  The items being verified are observed, but not quantitatively measured, in a dynamic state.

c) ANALYSIS.  Analysis is a method of verification that consists of comparing hardware design with known scientific and technical principles, procedures and practices to estimate the capability of the proposed design to meet the mission and system requirements.   

d) INSPECTION.  Inspection is a method of verification to determine compliance without the use of special laboratory appliances, procedures, or services, and consists of a non-destructive static-state examination of the hardware, the technical data and documentation.

3.14 Availability of Applicable Documents

A complete set of applicable documents (specifications, publications, drawings, etc.) except those used by the FAA, for the equipment, shall be available for reference use by the FAA at the Contractor facility in accordance with FAA-G-2100, paragraph 4.6.

3.15 Inspection of Fabrication and Production Status

All information regarding the construction, fabrication, testing, delivery, and installation status of the equipment shall be available for review by the FAA, upon request, at any stage during the contract. 

PREPARATION FOR DELIVERY

NOTES

3.16 Notes on Information Items  

The contents of this section are for informational purposes only and are not a part of the requirements of this purchase description.  They are not contract requirements nor binding on either the Government or the Contractor.  In order for these terms to become a part of the resulting contract, they must be specifically incorporated in the schedule of the contract.  Any reliance placed by the Contractor on the information in these subparagraphs is wholly at the Contractor's own risk.

3.17 Applicable Definitions

3.17.1 Very High Frequency (VHF) 

Any frequency of the 760 frequencies spaced 25 kHz apart in the 118.000-136.975 MHz frequency range.

3.17.2 Ultra High Frequency (UHF) 

Any frequency of the 7000 frequencies spaced 25 kHz apart in the 225.000-399.975 MHz frequency range.

3.17.3 Mean Time Between Failures (MTBF) 

A basic measure of reliability for non-repairable items: the total number of life units of an item divided by the total number of failures within that population, during a particular measurement interval under stated conditions.

3.17.4 Mean Time To Repair (MTTR) 

A basic measure of maintainability: the sum of corrective maintenance times at any specific level of repair, divided by the total number of failures within an item repaired at that level, during a particular interval under stated conditions.

3.17.5 Mean Time To Repair Maximum

The maximum time taken to repair a unit, at a depot level work station, to return it to a fully operational state.

3.17.6 Duty Cycle 

The ratio of time that the transmitter is keyed in proportion to being unkeyed.

Modular Construction 

Equipment constructed so all subassemblies are modules which plug into the main chassis.

3.17.7 Line Replaceable Unit (LRU)

An item which may consist of a unit, an assembly (circuit card assembly, electronic component assembly, etc.), a subassembly, or a part, which is removed and replaced at the site maintenance level in order to restore the system/equipment to operational status.

3.17.8 Availability

A measure of the degree to which an item is in an operable and committable state at the start of a mission when the mission is called for at an unknown (random) time.  (Item state at start of a mission includes the combined effects of the readiness-related system reliability and maintainability parameters, but excludes mission time.)

APPENDIX A

List of Acronyms

A/G
Air-Ground

ACK
Acknowledgment

AF
Airways Facility

AGC
Automatic Gain control

AM
Amplitude Modulation

AM(R)S
Aeronautical Mobile (Route) Services

ATC
Air Traffic Control

ATN 
Aeronautical Telecommunication Network

BER
Bit Error Rate

CW
Continuous Wave

D8PSK
Differential 8 Phase Shift Key

dB
Decibel

DLS
Data Link Service

DSB-AM
Double Side-Band Amplitude Modulation

EMC
Electromagnetic Compatibility

EIA
Electronic Industries Association

EVM
Error Vector Magnitude

FAA
Federal Aviation Administration

FEC
Forward Error Correction

FM
Frequency Modulation

GME
Global Management Entity

GNI
Ground Network Interface

GPS
Global Positioning System

HD
Header

ICAO
International Civil Aeronautical Organization

ICD
Interface Control Document

IEEE
Institute of Electrical and Electronic Engineers

ISO
International Standards Organization

KHz
Kilohertz

LME
Local Management Entity

LBAC
Logical Burst Access Channel

MAC
Media Access Control

MASPS
Minimum Aviation System Performance Standards

MDR
Multimode Digital Radio

MDT
Maintenance Data Terminal

MHz
Megahertz

NAS
National Airspace System

NEXCOM
Next Generation Air/Ground Communications System

NIMS
NAS Infrastructure Management System

NTIA
National Telecommunications and Information Administration

OCC
Operational Control Centers

OSI
Open Systems Interconnection

PPM
Parts Per Million

PTT
Push-to-Talk

RA
Random Access

RCE
Radio Control Equipment

RCL
Radio Communication Link

RD
Ramp-down

RF
Radio Frequency

RIU
Radio Interface Unit

RMM
Remote Maintenance Monitoring

RMS
Remote Monitoring Subsystem

RTCA
Radio Technical Commission for Aeronautics, Inc.

RU
Ramp-up and Power Stabilization

SARPs
Standards and Recommended Practices

SNAcP
SubNetwork Access Protocol

SOC
System Operational Centers

SRD
System Requirements Document

TCS
Tower Communication System

TDMA
Time Division Multiple Access

TRP
Timing Reference Point

UHF
Ultra High Frequency

V/D
Voice or Data

VDL
VHF Digital Link

VHF
Very High Frequency

VSCS
Voice Switching Control System

VSWR
Voltage Standing Wave Ratio

APPENDIX B

B-1
Ground Equipment Physical Configurations

The physical configurations presently proposed are provided in Figures B-1a through B-3b. Figures B-1 show the implementation desired to maintain compatibility down to the connector level with the legacy Remote Radio Control Equipment (RCE). There are FAA sites where receivers and transmitters are located at different sites and this is indicated in B-1b. Physical configurations shown in Figures B-1a/b correspond to the functional drawings in Figure 3-2.  Figures B-2a and B-2b correspond to the functional drawings in Figure 3-3. Here again, the input connectors to the RIU are the same as those that exist on the legacy DSB-AM radios. 
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Figure B-1a:
DSB-AM Collocated Transmitter/Receiver
Figures B-3a and B-3b show the connections for the 2V2D mode where data can be transferred to/from the controller site. These correspond to the functional drawings in 3-4.

Note:  RMM/NIMS - See 3.2.1. Site Control and Monitoring for details.
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Figure B-1b:
DSB-AM Receiver Located Separately
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Figure B-2a:
VDL Mode 3, 4V Mode, Collocated Transmitter/Receiver
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Figure B-2b:
VDL Mode 3, 4V Mode, Receiver Located Separately
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Figure B-3a:
VDL Mode 3, 2V2D Mode, Collocated Transmitter/Receiver
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Figure B-3b:
VDL Mode 3, 2V2D Mode, Receiver Located Separately

APPENDIX C

MDR Specification/DO-224 Traceability Matrix

Req#
Radio SSS Requirements Paragraph Reference
Requirement Description
DO-224 / Circuit Mode (CM)
Section Number
Remarks

1
3.2.2.5.2 Modulation Scheme
The modulation scheme for Mode 3 shall be as defined in DO-224.
DO-224
3.3.1.2

Modulation Scheme


2
No Reference in Radio SSS

DO-224
3.3.1.2.2

Transmitted Signal Form


3
3.2.2.5.3 Modulation Rate
The Mode 3 symbol rate shall be 10,500 symbols/s ( 2 ppm, resulting in a nominal bit rate of 31,500 bits/s.
DO-224
3.3.1.2.3

Modulation Rate
SSS has  a tighter requirement of (2 ppm

4
No Reference in Radio SSS

DO-224
3.3.1.2.5

Pulse Shaping Filters


5
No Reference in Radio SSS

DO-224
3.3.1.3

Time Division Multiple Access (TDMA) Time Slot Bursts


6
3.2.2.5.4
.
Management (M) Burst and Handoff Check Message (H) Burst Uplink
Copied directly from DO-224, referenced in Radio SSS back to DO-224
DO-224
3.3.1.3.1 Management (M) Burst and Handoff Check Message (H) Uplink


7
3.2.2.5.5.
Training Sequence
Copied directly from DO-224, not referenced in Radio SSS
DO-224
3.3.1.3.1.1 Training Sequence


8
3.2.2.5.6. Transmitter Ramp-Up and Power Stabilization
Copied directly from DO-224, not referenced in Radio SSS
DO-224
3.3.1.3.1.1.1 Transmitter Ramp-Up and Power Stabilization


9
3.2.2.5.7. Synchronization and Ambiguity Resolution
Copied directly from DO-224, referenced in Radio SSS back to DO-224
DO-224
3.3.1.3.1.1.2 Synchronization and Ambiguity Resolution


10
3.2.2.5.8.
System Data and Handoff Check Message
Copied directly from DO-224, referenced in Radio SSS back to DO-224
DO-224
3.3.1.3.1.2

System Data and Handoff Check Message


11
3.2.2.5.9.
Transmitter Ramp-Down
Following the end of the final symbol, the transmitter power shall be below – 60 dBc within 2 symbol periods.  For t>2 symbol periods see paragraph 3.2.3.1.30.

The transmitter power leakage when the transmitter is in the “off” state shall be less than – 83 dBm.

Note:
Reference RTCA/DO-160D section 21, category H for antenna radiated signals
DO-224
3.3.1.3.1.3 Transmitter Ramp-Down
Added - For t>2 symbol periods see paragraph 3.2.3.1.30.

12
3.2.2.5.10. Management (M) Burst Downlink
Copied directly from DO-224, referenced in Radio SSS (DO-224)
DO-224
3.3.1.3.2 Management (M) Burst Downlink


13
3.2.2.5.5.
Training Sequence
Uplink M burst and H burst training sequences shall consist of two components as follows:

· Transmitter ramp up and power stabilization

              (      Synchronization and Ambiguity resolution
DO-224
3.3.1.3.2.1

Training Sequence
Added - 'and H burst'

14
3.2.2.5.12.
Transmitter Ramp-Up and Power Stabilization
Copied directly from DO-224, not referenced in Radio SSS
DO-224
3.3.1.3.2.1.1 Transmitter Ramp-Up and Power Stabilization


15
3.2.2.5.13.

Synchronization and Ambiguity Resolution
Copied directly from DO-224, referenced in Radio SSS back to DO-224
DO-224
3.3.1.3.2.1.2 Synchronization and Ambiguity Resolution


16
3.2.2.5.14.
System Data
Copied directly from DO-224, referenced in Radio SSS back to DO-224
DO-224
3.3.1.3.2.2 System Data


17
3.2.2.5.15.

Transmitter

Ramp-Down
Following the end of the final symbol, the transmitter power shall be below – 60 dBc within 2 symbol periods.  For t>2 symbol periods see paragraph 3.2.3.1.30.

The transmitter power leakage when the transmitter is in the “off” state shall be less than – 83 dBm.

Note:
Reference RTCA/DO-160D section 21, category H for antenna radiated signals
DO-224
3.3.1.3.2.3 Transmitter Ramp-Down
Added - For t>2 symbol periods see paragraph 3.2.3.1.30.

18
3.2.2.5.16.
Voice or Data (V/D) Burst
Copied directly from DO-224, not referenced in Radio SSS
DO-224
3.3.1.3.3

Voice or Data (V/D) Burst 


19
3.2.2.5.17.
Training Sequence
Copied directly from DO-224, not referenced in Radio SSS
DO-224
3.3.1.3.3.1

Training Sequence


20
3.2.2.5.18.
Transmitter Ramp-Up and Power Stabilization
Copied directly from DO-224, not referenced in Radio SSS
DO-224
3.3.1.3.3.1.1

Transmitter Ramp-Up and Power Stabilization


21
3.2.2.5.19.
Synchronization and Ambiguity Resolution
Copied directly from DO-224, not referenced in Radio SSS
DO-224
3.3.1.3.3.1.2

Synchronization and Ambiguity resolution


22
3.2.2.5.20.
Header
Copied directly from DO-224, referenced in Radio SSS back to DO-224
DO-224
3.3.1.3.3.2

Header


23
3.2.2.5.21.

User Information
Copied directly from DO-224, referenced in Radio SSS back to DO-224
DO-224
3.3.1.3.3.3

User Information


24
3.2.2.5.22.

Transmitter Ramp-Down
Following the end of the final symbol, the transmitter power shall be below – 60 dBc within 2 symbol periods.  For t>2 symbol periods see paragraph 3.2.3.1.30.

The transmitter power leakage when the transmitter is in the “off” state shall be less than – 83 dBm.

Note:
Reference RTCA/DO-160D section 21, category H for antenna radiated signals
DO-224
3.3.1.3.3.4

Transmitter Ramp-Down
Added - For t>2 symbol periods see paragraph 3.2.3.1.30.

25
3.2.2.5.23.

Interleaving

DO-224
3.3.1.4

Interleaving


26
3.2.2.5.24.

Bit Scrambling
Copied directly from DO-224, referenced in Radio SSS back to DO-224
DO-224
3.3.1.5

Bit Scrambling


27
No Reference in Radio SSS

DO-224
3.3.1.6

Transmit/Receive Turnaround Times


28
No Reference in Radio SSS

DO-224
3.3.1.6.1

Receive to Transmit Turnaround Time


29
3.2.3.1.30.

Transmitter

receiver

turn-around time
The transmitter/receiver design shall allow the receiver to meet the uncorrected BER requirement with a - 100 dBm input signal received within 13 symbols after the last symbol of a transmission.
DO-224
3.3.1.6.2

Transmit to Receive Turnaround Time
Rewritten to reflect ground environment

30
No Reference in Radio SSS

DO-224
3.3.1.7.1

Carrier Frequencies


31
3.2.3.2.16.
Spurious emissions
Mode 3 and DSB-AM

The level of each spurious frequency shall be less than – 80 dBc at all modulation levels up to 90 percent when measured at the transmitter RF output connector.

Note:
Spurious emissions exclude the harmonics specified in Section 3.2.3.2.17
DO-224
3.3.1.7.2

Spurious Emissions


32
3.2.3.2.18.
Adjacent channel power

DO-224
3.3.1.7.3

Adjacent Channel
Rewritten to reflect to RFI mask

33
3.2.2.6.2.
Timing Structure
Copied directly from DO-224, referenced in Radio SSS back to DO-224

3.3.2.1.2.1

Timing Sequence


34
3.2.2.6.3.
TDMA Frame
Copied directly from DO-224, referenced in Radio SSS back to DO-224

3.3.2.1.2.1.1

TDMA Frame


35
3.2.2.6.4.
Time Slot
Copied directly from DO-224

3.3.2.1.2.1.2

Time Slot
Deleted Long Range Operation reference

36
3.2.2.6.5.
Bursts
Copied directly from DO-224, not referenced in Radio SSS

3.3.2.1.2.1.3

Bursts


37
3.2.2.6.6.
Epoch
Copied directly from DO-224, not referenced in Radio SSS

3.3.2.1.2.1.4

Epoch


38
3.2.2.6.7.
External Time Reference Interface
Copied directly from DO-224, not referenced in Radio SSS

3.3.2.1.2.1.5

External Time Reference Interface


39
3.2.2.6.8.
System Data and Header Field Formats
Copied directly from DO-224, referenced in Radio SSS back to DO-224

3.3.2.1.2.2

System Data and Header Field Formats


40
3.2.2.6.9.
User Groups
Copied directly from DO-224, not referenced in Radio SSS

3.3.2.1.2.3

User Groups


41
3.2.2.6.10.
System Configurations
Copied directly from DO-224, referenced in Radio SSS back to DO-224

3.3.2.1.2.4

System Configurations


42
3.2.2.6.11.
Media Access Control Cycle
Copied directly from DO-224, referenced in Radio SSS back to DO-224

3.3.2.1.2.5

Media Access Control Cycle


43
3.2.2.6.12.
Logical Burst Access Channels
Copied directly from DO-224, not referenced in Radio SSS

3.3.2.1.2.5.1

Logical Burst Access Channels


44
3.2.2.6.13.
Burst Access Timing
Copied directly from DO-224, referenced in Radio SSS back to DO-224

3.3.2.1.2.5.2

Burst Access Timing


45
3.2.2.6.14.
Coded Squelch
Copied directly from DO-224, not referenced in Radio SSS

3.3.4.1.3

Coded Squelch


46
No Reference in Radio SSS


3.3.4.2

Speech Encoding


47
No Reference in Radio SSS


3.3.4.2.1

Speech Encoding Algorithm


48
No Reference in Radio SSS


3.3.4.2.2
FEC Protection for Encoded Speech


49
No Reference in Radio SSS


3.3.4.2.3

Voice Burst Framing


50
No Reference in Radio SSS


3.3.4.3

Parameters


51
No Reference in Radio SSS


3.3.4.3.1

Group ID


52
3.2.2.6.15.
Squelch Window
Copied directly from DO-224, referenced in Radio SSS back to DO-224

3.3.4.3.2

Squelch Window


53
No Reference in Radio SSS


3.3.4.3.3

Algorithm Version Number


54
3.2.2.6.16.
Source Filtering
The Squelch Window parameter shall be applied as specified by the LME. If the voice burst is outside the squelch window defined in Table 3-7 (Table 6-1 of the VDL Mode 3 SARPs) for 4-slot configurations and Table 3-8 (Table 6-2 of the VDL Mode 3 SARPs) for 3-slot configurations, the burst shall be assumed to be co-channel interference and shall be suppressed.
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