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1 INTRODUCTION

This is the System Requirements Document (SRD) for the Next Generation Air/Ground (A/G) Communications (NEXCOM) Segment One System. 

1.1 Background

Mission Need Statement (MNS) 137, and the subsequent NEXCOM Investment Analysis Report, describe shortfalls in the spectrum capacity of the current A/G communications system.  Demand for new A/G communication frequency assignments to support a variety of new services in the Very High Frequency (VHF) band is expected to be two to four percent annually, and this level of growth cannot be accommodated by the current analog system.  Other needs called out in the MNS include a reduction in logistical costs for maintaining radios, introduction of new data link capability, a reduction in radio frequency interference (RFI), and improved security against threats such as “phantom controllers.”

In response to these needs, the NEXCOM Requirements Document (RD) identified a segmented program for upgrade and replacement of the present A/G communications string.  The RD also identified a number of operational and technical constraints, which must be accommodated when satisfying these requirements.  Specifically, a fundamental requirement of the NEXCOM Segment One Program is to provide new voice capacity with no disruption of the present voice service.  Also, the program is to achieve this increased capacity with a minimum disruption of the present VHF A/G communications physical system configuration.  Finally, the program seeks a seamless evolution to new digital communications functional capability from the present Double Sideband-Amplitude Modulation (DSB-AM) A/G system.

The Joint Resources Council (JRC) approved Segment One of the NEXCOM System in May, 1998.  Segment One will introduce VHF Digital Link (VDL) Mode 3 digital voice capability to the en route environment.  While this document is focused primarily on Segment One, elements of later potential segments are addressed in those areas where they impact the design of Segment One and its ability to evolve. 

The NEXCOM Segment One System (NSOS) will be installed in all existing Remote Communications Air/Ground (RCAG) and Back Up Emergency Communication (BUEC) facilities serving all 21 Air Route Traffic Control Centers (ARTCCs) and three Combined Centers Radar Approach Control (CERAPs).  This installation includes new multimode digital radios (MDRs) and radio interface unit (RIU) equipment.  Initially, the radios will operate in the DSB-AM mode.  Those channels serving high and super high altitude sectors ultimately will begin cutover to digital voice. 

NEXCOM Segment Two is proposed to introduce VDL Mode 3 digital data link service into the en route sectors previously cut over to digital voice in Segment One.  In this proposed segment, control site equipment, the Ground Network Interface, will be installed at the ARTCCs.  This equipment will interface with both voice switches and data routers, enabling an integrated digital link function to be introduced in those sectors already operating on digital voice.

As proposed, NEXCOM Segment Three will expand both digital voice and data service into 57 high density terminal areas, which include air traffic control towers (ATCTs) and Terminal Radar Approach Control Facilities (TRACONs), and over 500 Remote Transmitter/Receiver (RTR) facilities.

1.2 Purpose

This SRD serves as the focal point of all requirements affecting the design, integration and implementation of NSOS communications equipment.  It represents the NEXCOM Product Team’s response to FAA requirements through a detailed functional and performance allocation to relevant NEXCOM subsystems.  The SRD provides requirements traceability from the RD and other relevant National Airspace System (NAS) implementation policies, orders, and standards to the detailed subsystem segment specifications and test documentation.

1.3 Scope

This document describes the system requirements for the NSOS.  It establishes: a) system boundaries, and the system architecture and interfaces within those bounds; b) system technical characteristics, including the functional and performance requirements; and c) the operating environments.  While this specification recognizes the airborne element as integral to system operation, avionics requirements are discussed only as they affect the ground system design.

Figure 1-1 identifies the RD for NSOS as the source of the top-level program requirements.  In addition to the operational requirements, this RD identifies and references other high level documents and/or activities that must be considered when deriving the major technical constraints placed on the system design.

[image: image1.png]



Figure 1-1 

This SRD responds to the RD and defines the NSOS and its boundaries resulting from technical consideration of the major categories noted in the design decision rationale section of the diagram.  The SRD is the parent document for the subordinate NEXCOM Subsystem Specifications (SSS) for the MDR, the RIU, and ultimately, the Ground Network Interface.

Besides the requirements of the RD, the major areas of architectural influence identified in the diagram are briefly discussed below:

· System Transition – The system must operate within the allocated A/G VHF communications spectrum and co-exist with the present analog DSB-AM system.  Due to the lack of available spectrum, simulcast of analog and digital communications within a sector is not envisioned as a nationwide system option; hence, proposed system transition plans require that all users operating in that sector be appropriately equipped.  Further, the first segment of program implementation must leverage the existing telecommunications infrastructure, as applicable, to meet its digital voice requirements.

· To realize the full benefits of the NEXCOM program (i.e. spectrally efficient communications to allow continued voice channel expansion, introduction of data link, and introduction of new automated voice and data communications control features), a smooth transition plan for the current VHF spectrum, and a similar plan for the supporting telecommunications and attendant interfaces will be required.  Such plans require that the system be capable of being installed and operated in analog mode until such time as a full cutover of the sector can be made (i.e. all aircraft expected to operate in digital mode within that sector are equipped with VDL Mode 3 avionics, and frequencies have been reassigned to support the cutover).

· Legacy System – The NEXCOM system must interface with existing equipment, and operate within existing remote communications facilities.  Also, the equipment must use and be compatible with the current support infrastructure such as power grids, heating, ventilation and air conditioning (HVAC).  Additionally, the unique requirements of the existing equipment, such as the Radio Control Equipment (RCE) that will eventually be removed and replaced by NEXCOM, must be satisfied by the NEXCOM equipment.

· International Civil Aviation Organization (ICAO) compatibility – The NEXCOM system must provide interoperable communications on an international basis.  All waveforms implemented within the NEXCOM system must be compliant with ICAO Standards and Recommended Practices (SARPs), consistent with RTCA Minimum Aviation System Performance Standards (MASPS), and compatible with RTCA Minimum Operational Performance Standards (MOPS).

· Acquisition Strategy – The NEXCOM acquisition is a Non-Developmental Item (NDI) procurement.  Limitations of current technology will define system performance, and may demand additional site-specific integration equipment.  As part of the NAS sustainment activity, the NEXCOM system must provide new radio capability, in addition to legacy capability, through form compatible equipment replacement of the current fielded radios.  The NEXCOM system will be procured in segments, which deliver separate benefits in a building block strategy.

· Future System Growth – The NSOS must be capable of evolving to meet anticipated demand, and providing the new digital functionality of data link.  To do this, it is expected that in future segments, additional NEXCOM subsystems will be developed and installed to interface with the voice switches and data routers.  Also, existing telecommunications may be upgraded to support these new services.

· Regulatory Requirements – It is anticipated that the NSOS will be determined to be a level C system under the safety assessment definitions provided by RTCA DO-178B guidance.  The application of this guidance is still under review.

1.4 Document Organization

Section 1 states the purpose and scope of this specification, its relationship to other program source requirements documents, and the driving influences that must be considered in satisfying those requirements.  It also defines significant terminology that provides the basis for consistent reference in developing system level requirements. 

Section 2 defines the applicable reference documents cited in this specification.

Section 3 provides the current A/G system architecture and the proposed NSOS as it fits within this architecture.  It provides a top-level discussion of specific user operation considerations for Segment One System design.  It is also intended to provide the context for system requirements allocation to specific subsystems specified in Section 4.

Section 4 specifies the NSOS architecture, functional, performance, and other top-level requirements, based on the architecture design described in Section 3.

Appendix A provides general NAS A/G site configuration information of current systems, augmenting the architectural discussion of Section 3.

Appendix B identifies architecture and design decision rationale for the functional allocation presented in Section 4.

Appendix C discusses the future growth requirements identified by the FAA sponsor, which will be addressed as expansion capabilities in the NEXCOM Segment One RIU Subsystem.

Appendix D provides traceability matrices mapping RD requirements to SRD requirements.

Appendix E provides the Reliability, Maintainability, and Availability (RMA) allocation of the proposed system architecture identified in Section 3.

1.5 Definitions 

En route Communications (ECOM) Service  - Radio communications between the ARTCC and in-flight aircraft.

Terminal Communications (TCOM) Service – Radio communications between Air Traffic Control (ATC) facilities such as ATCTs, TRACONs, and Radar Approach Controls (RAPCONs) and aircraft.

A/G Communications System – all equipment and functionality in the ground path from the controller to the antenna, including redundant systems and backup, which provide ECOM or TCOM services. 

NEXCOM System – all control site and remote site equipment in the ground path from the output of the voice switch and the data router to the antenna port of the radio (exclusive of telecommunications).

NEXCOM Segment One System – subset of the NEXCOM System that comprises equipment and functionality provided by installation at the remote site, in serial with and/or in lieu of, the existing remote equipment.

NEXCOM Subsystem – a separate physical equipment that provides new functional capability that comprises part of the NEXCOM System.

Sustainment – an NSOS mode that retains the existing A/G Communication System architecture, while incorporating new NSOS subsystems, namely MDRs, in remote communications facilities without modifying existing racks, power, or other supporting infrastructure.

1.6 Programmatic Assumptions

The NEXCOM architectures are developed based on the following assumptions.

· The RCE and BUEC improvement programs will be completed prior to the fielding of the NEXCOM Segment One Step One. 

· The FAA ground infrastructure is required to support only the 25 kHz DSB-AM and VDL Mode 3 modes throughout the transition from DSB-AM to VDL Mode 3.  However, for risk mitigation purposes, the 8.33 kHz DSB-AM mode is included in the programmable MDR.

· Ultra High Frequency (UHF) A/G communications will remain analog and will continue to require support from NEXCOM.

· Both integrated transceiver and separate transmitter and receiver implementations are viable options in the NEXCOM program.
APPLICABLE DOCUMENTS

The following documents form a part of this SRD to the extent specified herein.  Secondary references, or those documents referenced by documents contained in this section, also form a part of this SRD to the extent specified by applicable sections of the documents referenced directly in this section.
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NAS-SS-1000, Volume I

1.7.5 Other Government Documents

Executive Order 12088

Federal Compliance with Pollution Control Standards

Executive Order 12873

Federal Acquisition, Recycling, and Waste Prevention

Code of Federal Regulations (CFR) Title 40
CFR Environmental Protection

Executive Order 12902
Energy Efficiency and Conservation at Federal Facilities, Energy Policy Act of 1992
1.8 Non-Government Documents

1.8.1 ICAO Standards

ICAO Annex 10

ICAO ATN SARPs, Sub-Volume 2
1.8.2 Industry Standards

RTCA DO-224, Change 2 

NFPA Standard 70
National Electrical Code

Occupational Safety and Health Act

Environmental Protection Agency Regulations


1.9 Order of Precedence

When the requirements of this document and referenced applicable documents are in conflict, this document shall have precedence over all documents referenced herein.
1.10 Availability of Documents

1.10.1 FAA Documents

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

1.10.2 IETF Documents

Copies of IETF standards may be obtained electronically from the worldwide web @http://www.aetc.af.mil/rfc_main_index.html.

1.10.3 ISO Documents

Copies of ISO standards may be obtained from the American National Standards Institute, 11 West 42nd Street, New York, NY, 10036.
2 SYSTEM ARCHITECTURE

The A/G Communication System is required by the FAA to support services that ensure aircraft separation, transmit instructions and clearances, permit hand-offs, provide weather information and pilot reports, and communicate with Flight Service Stations (FSS) and Automated Flight Service Stations (AFSS).  Different subsets of these services are required to support different phases of flight, including ground movements on the airport surface and gate areas; departures and arrivals in the terminal area; and the en route phase of flight.  This section describes A/G communications architectures of the current system, including its sustainment, and the new NEXCOM System.
2.1 Current System Description

The current A/G Communications System for ATC consists of voice-based networks that use DSB-AM radios and operate in the 117.975-137 Megahertz (MHz) VHF band for civil aircraft and the 225-400 MHz UHF band for military aircraft.  The radios operate with the same frequency used for controller-to-pilot (uplink) and pilot-to-controller (downlink) transmissions in a simplex “push-to-talk” mode.  There is a dedicated, non-interconnected radio network for each operational environment (en route, terminal, airport surface, and flight service).

2.1.1 Current System Architecture

Figure 3-1 depicts the current A/G Communications System architecture.  The A/G Communications System infrastructure provides dedicated ATC communications capabilities for en route, terminal, airport surface, and flight service operational environments.

Depending on the operational environment, the associated ATC facility may be an ARTCC, TRACON/ATCT, or AFSS with a RCAG, RTR, or Remote Communications Outlet (RCO) respectively, as the corresponding remote site.  In the en route environment, there is also a BUEC site associated with every RCAG.  After the BUEC expansion program is concluded, a pair of remote sites, one RCAG and one BUEC, will support most of the en route sectors.  Some sectors require multiple RCAG sites due to their size or other geographical considerations.

The major components of the current system can be broadly divided as follows:

· Control facility equipment

· Remote facility equipment

· Transport media

The following sections discuss these three architectural components.  Because this SRD addresses NEXCOM Segment One, these discussions will focus on the en route environment.

2.1.1.1 Control Facility Equipment

The control facility equipment includes the controller’s display console, connected through a voice switch to the RCE.  Other control facility infrastructure such as test and monitoring systems, and power and grounding systems are not discussed here, as they do not provide any functional contribution to the communications string.
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Figure 3-1 Current A/G Communications System

2.1.1.1.1 Controller’s Display Console

The controller’s display console provides the human interface for the voice switch, including the PTT switch, microphone, radio selection switches, and radar display of the airspace for which the controller is responsible.

2.1.1.1.2 Voice Switch

The voice switch provides the ability to control the connectivity of both A/G and ground/ground (G/G) voice circuits.  It may also include additional control functions associated with these circuits, such as logic, to maintain priority for shared remote sites.  All en route control facilities utilize the Voice Switching and Control System (VSCS).  Voice signals are routed by the voice switch to the RCE that connects to its remote site counterpart through the analog ground transmissions system.  The major functions of the voice switch are:

· Interpretation and processing of controller commands.

· Selection of voice circuit/connectivity.

· Circuit/system status indication.

· Switching between input and output paths.

2.1.1.1.3 Control Site RCE

The major functions of the control site RCE are:

· Provision of VHF/UHF paired frequency operation (capable of independent selection of main and standby radio operation)

· Reception of audio inputs via RCE-Voice Switch interface

· Transfer of remote radio control signals (e.g., push-to-talk, main/standby radio selection) from controller to remote site 

· Provision of control and audio connections via Remote Maintenance Monitoring and Control (RMMC) data through RCE-Radio interfaces for main/standby radios for VHF and UHF 

The functions of the RCE and voice switch will not change for the NSOS implementation.

2.1.1.1.4 Transport Media

The control and remote site RCE interface to the transport media, which could be landlines (analog or digital, leased or owned), microwave, fiber optic or satellite links.  There will be intervening equipment as needed to adapt the standard analog 4-wire RCE interface to the applicable media.  Leased telecommunications lines (telco lines) over the public switched telephone network are the primary means for non-terminal facilities.  These telecommunication lines terminate at a demarcation interface connecting to radio control equipment at both control and remote facilities.  For radio facilities co-located with control facilities, FAA-owned cable is used.  Some facilities can also use microwave or satellite communications systems to ensure sufficient diversity or to reach difficult-to-access sites.  

2.1.1.2 Remote Site

The remote site consists of the RCE, radio equipment, and the antennas.  Other infrastructure elements (e.g., power, grounding, and HVAC) at the remote site are not discussed in detail.

2.1.1.2.1 Remote Site RCE

The remote site RCE receives combined audio and control signals from the control site via the transport media and separates them before delivering them to the radio interface.  It receives audio signals from the radio interface and puts them into a format suitable for transmission over a standard analog 4-wire voice circuit.  It also supplies the proper electrical characteristics to interface to that circuit.

2.1.1.2.2 Radios

At the remote site there may be as many as eight radio units associated with a voice channel.  This includes main and standby units for transmitters and receivers operating in both the VHF and UHF band.  The radios interface to the remote site RCE, and to antennas or an antenna transfer relay.  Transceivers combine the functions of both transmitters and receivers and are used in the old BUEC facilities.

2.1.1.2.2.1 Transmitters

Transmitters receive audio and push-to-talk signals from the remote site RCE and generate modulated RF signals that are provided to the antenna.  Output power is typically 10 watts, but some transmitters use a 50 watt linear power amplifier (LPA) for extended range.  Multiple transmitters may be connected to a transmitter combiner for output to the antenna at remote facilities where cosite interference problems exist or to reduce costs on antennas/towers where many operational frequencies are in use.

2.1.1.2.2.2 Receivers

Receivers accept modulated RF signals from an antenna and amplify, downconvert, and demodulate the signals to supply audio to the remote site RCE.  Multiple receivers also may be connected to a receiver multicoupler to reduce costs on antennas/towers where many operational frequencies are in use.

2.1.1.2.3 Antennas

The transmitter and receiver may be connected to one or more antennas, depending on the desired configuration.  Main and standby radio equipment are frequently placed on separate antennas for diversity purposes.  An antenna transfer relay is used to switch between the separate transmitters and receivers.  At many sites diverse antennas are separated to provide transmit/receive isolation.

2.1.2 Current System Architecture Design

Figure 3-1 shows the current control facility and the remote site architecture.  For illustration purposes, separate transmitters and receivers, rather than transceivers, are used in the diagram.  The UHF radios shown in the remote site apply to RCAGs and some RTRs, but not to RCOs.  The 121.5 MHz emergency communication circuit, not shown in the diagram, is supported by the current system via a separate radio link.  Also not shown is the VSCS Emergency Alternate Radio System (VEARS), which exists only in the ARTCC and does not interface with the BUEC system.  VEARS is used to bypass the voice switch to handle voice switch failures.  The VEARS is being replaced by the VSCS Training and Backup System (VTABS) as the Display System Replacement (DSR) System is being implemented.

While the current A/G communications system architecture is roughly the same for all operational environments, the specific equipment used in the A/G communications string can differ among the various facilities.  Different facility types have different voice switches, with each type of switch having a unique interface.  There are also many types of radio control equipment, each with its own voice switch interface characteristics.  The new RCE emulates the interfaces of three of the most common older radio control equipment (and tone control equipment) to ease transition to the new RCE.

The number of radios connected to the radio control equipment in a remote site may be different than that shown in Figure 3-1; each new RCE can accommodate up to two sets of VHF radios and two sets of UHF radios.  A radio set can be a transceiver or one transmitter plus one receiver.  There are no standby radios in a BUEC site.
The equipment used for main and standby communications are fix-tuned analog radios.  Because of these fixed-tuned, hard-wired radios, the sites usually cannot back each other up.  

Many remote sites have a paired set of VHF/UHF radios that allow the air traffic controllers to simulcast over VHF and UHF frequencies to control both civilian and military aircraft.  

Tunable DSB-AM transceivers are currently being used in many BUEC sites.  However, there is an ongoing BUEC improvement program that will replace the existing transceivers with separate transmitters and receivers.  It is assumed that the BUEC improvement program will be completed before the start of the NSOS.

The current FAA A/G Communications System provides only limited support for two-way A/G data communications by providing Pre-departure Clearance (PDC) and Digital Air Traffic Information Service (D-ATIS) messaging at 57 airports via the Tower Data Link Service (TDLS) using ARINC’s Aircraft Communications Addressing and Reporting System (ACARS) network.  

2.1.2.1 Equipment Configurations

2.1.2.1.1 ARTCC

The ARTCC has three different radio facilities that support A/G communications.  They consist of RCAGs, BUECs, and Local Radios facilities.  All ARTCCs utilize the VSCS to interface with all of the A/G communications facilities.  The electrical interface of each of these facilities to the VSCS is contained in the VSCS Interface Control Document (ICD), NAS-IC-42014000.  Figure 3-2 illustrates a generic ARTCC logical layout.  Appendix A provides more detailed information on the ARTCC equipment configurations, and the wide range of variations in the NAS.

The ARTCC also supports a multi-RCAG site grouping commonly referred to as a Diversity Site Group.  In this configuration there can be two to six RCAG facilities providing A/G communications support for one sector on the same operating frequency.

2.1.2.1.2 RCAG

The RCAG is typically remotely located from the ARTCC, for example, on top of a mountain, in the middle of the desert, or near a large metropolitan area.  The primary communication path with a RCAG is with Leased Telco Voice Grade 6 lines.  Several RCAGs have a backup communication path provided by the FAA’s Radio Communications Link (RCL) system.  A few RCAGs not supported by RCL may have separate diverse leased circuits providing backup communications capabilities.  Appendix A contains logical diagrams of several RCAG configuration variations.  

All RCAGs today utilize the CSTI RCE for controlling the radios.  The RCE emulates two types of interfaces to the VSCS that are presently used in the NAS to connect to a RCAG.  Those interfaces consist of a +12 volts direct current (VDC) interface (e.g., Grim) and a contact closure interface (Intellect 5134C).  For a complete description of the two interfaces refer to the VSCS ICD (NAS-IC-42014000) and the RCE specification (FAA-E-2885). 

2.1.2.1.3 BUEC

The BUEC facility provides a one-for-one backup of a RCAG facility and provides a complete diverse communication facility.  The diversity goal of the BUEC facilities is totally different power sources and Telco services from the RCAG providing the primary A/G communications.  

The BUEC interface to the VSCS is now emulated by an RCE in BUEC mode of operation.  The RCE was modified to accommodate the previous interface of the older transceiver BUEC system.  For a complete description of the BUEC interface, refer to the VSCS IRD (NAS-IR-64024201).  

The primary Telco path for a BUEC facility is the FAA RCL, when available.  If a backup Telco path is utilized, it is typically a Leased Voice Grade 6 line.  A BUEC site consists of main radios only.  The radios are configured the same as a RCAG in a T/R configuration.  Several configurations are highlighted in more detail in Appendix A.
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Figure 3-2  Typical ARTCC (En route)

2.1.3 Current Architecture Sustainment

The existing A/G Communications System is constantly undergoing evolution due to both maintenance and growth.  As the demand for air traffic services grows, so too does the demand for A/G communications services.  As a result, the A/G Communications System continues with the installation of new ground equipment to provide those services.  In addition, the in-place equipment has a limited service life.  When the present radios and communications equipment reaches end of life cycle, this equipment must be replaced quickly to ensure continuous provision of this service.  The existing supply chain for the present radios will sustain the communications infrastructure only for a limited time.  Thus, in order to both sustain the existing infrastructure, and to facilitate the transition to the NSOS, the transition strategy allows NEXCOM MDRs, as available, to enter the supply chain for replacement and growth applications.  These new MDRs will be operated in the 25 kHz DSB AM mode.  Figure 3-3 illustrates the insertion of NEXCOM radios, as required, to sustain present A/G communications.
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Figure 3-3: Existing Architecture Sustained with NEXCOM MDRs 

In this sustainment concept, the MDR will be installed in remote communications facilities without modifying existing racks, power, or other supporting infrastructure.  The MDRs also will include interfaces as necessary to connect to the existing G/G communications equipment.  It is the intention of the FAA that the MDRs will be form compatible replacements for the existing VHF radios.  

The sustainment of the current A/G Communication System, while retaining the existing system architecture, does have implications on both transition activities, and the NEXCOM system level requirements.  While technically not an aspect of the NSOS architecture, this sustainment configuration imposes requirements on NEXCOM System components, particularly the new MDRs.  These system-level requirements are specified in Section 4 of this document.

2.2 NEXCOM Segment One Proposed System Architecture

A/G communications is comprised of both ground and airborne components.  One of the key characteristics of A/G communications is that the new features (and thus the benefits) can only be realized when both air and ground have fully compatible, interoperable equipment.  While this SRD recognizes these end-to-end requirements associated with the services supported by the NEXCOM System, the architectures presented focus on those aspects that are the responsibility of the FAA, in particular, the ground system. 

The FAA’s NSOS includes equipment that will be integrated within the legacy A/G Communications System.  Since the NSOS is defined as encompassing equipment necessary to accept voice communications from the existing NAS infrastructure and deliver them in digital form to airborne users in high/super high altitude en route airspace, the NSOS actually requires only two new subsystems.  Of course, there are other related equipment and infrastructure impacts necessary to operate the new subsystems to deliver the required communications.  The following summarizes the new subsystems within the ground portion of the NSOS.

2.2.1 NEXCOM Segment One Subsystems

For Segment One, the new equipment includes a RIU and a MDR to be installed at the remote sites.  No new equipment will be installed at control sites in Segment One.  Figure 3-4 illustrates the NSOS architecture.

2.2.1.1 MDR

The MDR will be a VHF radio; existing analog UHF radios will remain as is.  Initially, the MDR will be operated as a 25 kHz DSB-AM analog radio.  Later, it will be operated in VDL Mode 3 time division multiple access (TDMA) mode.  The MDR will interface to the RIU and to the antenna.  In sustainment mode the MDR will interface to the RCE as the current radios do. 

2.2.1.2 RIU 

The RIU provides interface and control functions for the MDR, such as protocols, security, and error correction coding and decoding.  It also contains a vocoder for converting analog voice to a digital format and vice versa.  The RIU interfaces to the MDR and to the RCE during Segment One.  The RIU also will be capable of interfacing to the MDR and the VSCS Local Radio Interface.

2.2.2 Functional Allocations

The NSOS functional allocations for the MDR and the RIU are provided in Section 4.  Detailed requirements of these functions can be found in the MDR SSS, the MDR-RIU ICD, and the RIU SSS. 

The capabilities/functions of the legacy equipment such as voice switch and RCE will remain.  The proposed NEXCOM System will incorporate another subsystem known as the Ground Network Interface (GNI). The GNI is not required in NSOS and its functions are subject to change.  A tentative version of the GNI functionality is provided in Appendix C.
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Figure 3-4: NSOS Architecture

2.2.3 NEXCOM Segment One Architecture Transition Steps

NEXCOM implementation necessitates a transition strategy that ensures ongoing provision of existing services, while enabling initiation of the new digital services.  To achieve this, NSOS will be implemented in two steps.  All hardware and software to support this two step approach will be resident at the remote site in Step One. 

In NSOS Step One, once the MDR and RIU are installed, the operational mode will be DSB-AM and the new digital voice features will not be activated.  Step Two will be implemented after FAA Air Traffic (AT) approves of a communications transition plan to VDL Mode 3 for high sectors, and users have equipped with multimode avionics equipment capable of supporting VDL Mode 3 operations.

For the analog and control signals provided by the CSTI RCE at the remote site, the RIU will comply with the current interface document of the CSTI RCE to Motorola or ITT radios.  For Segment One, a fractional T1 will provide the interface between the RIU and the MDR; this interface is defined in the MDR/RIU ICD.  In NSOS Step One, the analog voice will be converted to pulse code modulation (PCM) data in the RIU and transmitted to the MDR.  At the MDR the PCM data will be converted to analog for transmission in DSB-AM mode.  In Segment One Step Two the analog voice will be processed by the vocoders in the RIU and transmitted to the MDR for VDL Mode 3 transmission. 

2.2.3.1 Segment One Step One: Analog Voice

For Segment One the majority of the hardware (RIU and MDR) will be deployed at the remote site; in rare instances where radios are located at control sites, a RIU and MDR will be deployed there as well.  Segment One Step One involves replacing the existing DSB-AM VHF radios with a RIU and one or more MDRs.  In this first step the MDR will operate in the DSB-AM mode.  Figure 3-5 depicts a high-level draft layout that supports the present MDR/RIU ICD.
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Figure 3-5  Segment One Step One Architecture

2.2.3.1.1 Transition Design for Segment One Step One

Segment One Step One supports the transition from the current Motorola radios to the RIU and MDR, while retaining the CSTI RCE.  This first step maintains the current DSB-AM transmission media while deploying equipment that has the capability to support VDL Mode 3 implementation.  UHF will continue to be supported via the CSTI RCE.  The detailed design decision rationale for Segment One Step One is presented in Appendix B.

2.2.3.1.2 Concept of Execution: Segment One Step One

For Segment One Step One, installation of the RIU and MDR at the remote site will not provide any noticeable difference to the controller at the VSCS console.  All features that are presently supported will continue to be supported in this transitional step.

2.2.3.1.3 Segment One Installation 

Segment One deployment of NEXCOM equipment features the installation of MDRs and RIUs at RCAGs and BUECs serving the en route ATC facilities.  No new RCAG facilities are anticipated for NEXCOM implementation.  It is anticipated that the sustaining BUEC program will be completed before NSOS transition begins.  MDRs initially will be operated in DSB-AM mode for Step One and transitioned to VDL Mode 3 in Step Two, in the high and super high altitude en route sectors.
2.2.3.2 Segment One Step Two

In NSOS Step Two, the DSB-AM analog voice will be transitioned to VDL Mode 3 digital voice.  The planning for this will be performed by FAA AT.  At the remote site the transition should be seamless; no new wiring is expected; and the control for the transition will be in the RIU.  The detailed design decision rationale for NSOS Step Two is presented in Appendix B.

2.2.3.2.1 Transition Design for Segment One Step Two

Figure 3-6 illustrates the transition from DSB-AM to VDL Mode 3.  This second step completes the transition from DSB-AM to VDL Mode 3.  UHF will continue to be supported via the CSTI RCE.  
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Figure  3-6    Segment One Step Two Architecture

2.2.3.2.2 Segment One/Step Two Concept of Execution

Segment One Step Two provides new capabilities to air traffic controllers.  A new feature that can be provided, for example, is the capability to override.  The override capability is intended to correct a stuck microphone condition on the aircraft.

In the aircraft, the duration of an aircraft PTT event can be limited to 35 seconds, also to correct a stuck microphone condition.

2.3 Architectural Drivers

Many factors influence both the current and proposed system architectural designs.  Among these factors are the intended operational use of the equipment to provide air traffic control services, the methodology envisioned for implementing and transitioning to the proposed architecture for the new system, and the maintenance philosophy that supports the equipment throughout its lifecycle.  The following paragraphs discuss these factors and some of the influences they have upon the architecture.

2.3.1 System Operational Overview

NEXCOM will provide a voice communications capability that meets the needs of today’s system in the areas of system capacity, reliability, maintainability, availability, and voice quality.  NSOS will transition the high altitude en route airspace of the NAS to digital voice, providing additional spectrum capacity to the NAS by replacing (not necessarily aging) analog radios with MDRs.  The MDR can operate either in DSB-AM analog or digital mode.  Digital mode incorporates VDL Mode 3 (TDMA), which provides up to four separate TDMA slots in each existing 25 kHz channel.  NSOS will support and replicate the current DSB-AM system without any significant operational changes.  The NSOS hardware will consist of a programmable MDR, RIU (with integrated vocoders), existing RCE, and telecommunication (Telco) systems.  Enhancements to the voice signaling system (un-stuck microphone, controller-pilot override, etc.) will result in improvements to safety, operational environment, and procedures, and will be phased in only after completion of the human factors evaluation.

As described in Section 3.2.3, NSOS involves two progressive steps.  The main goal of Step One is to replace the current DSB-AM VHF radios with the new MDRs in preparation for transition to VDL-Mode3 operation.  Step Two involves operation of digital voice using vocoders in the RIU.  The operation of Step One analog voice does not deviate from the current DSB-AM analog voice operation except that it uses an MDR.  Many functional requirements in the RD are operational statements and applicable to both Step One and Step Two.  However, some of the SRD requirements provided in this document (Section 4) will be applicable only to Step Two (digital voice) or later. 

To meet transitional needs, the system will be capable of operating in the currently allocated Aeronautical Mobile (Route) Services (AM(R)S) spectrum (117.975 to 137 MHz) 25 kHz DSB-AM mode.  This will ensure that AM(R)S services not planned for change at this time (such as the emergency services provided for on 121.5 MHz) will continue to be supported.

The NEXCOM System will allow for future transition of these services.  The NEXCOM Segment Two System operational concepts and requirements will include data capabilities, and will involve the GNI, voice switch, and the Aeronautical Telecommunications Network (ATN) router.

2.3.1.1 Drivers Related To Operational Requirements

The following paragraphs present the architectural implications of some specific operational requirements contained in the RD.

2.3.1.1.1 Availability

The ECOM voice service availability is required to be 0.99999 or greater.  This requirement implies main and standby radios at the RCAG and the use of a diverse Back Up Emergency Communications site.  This impacts the reliability of the NSOS as well as the components within it.  Since the reliability of legacy components will not change, the allocations made to the RIU and MDR are constrained.

2.3.1.1.2 Operational Coverage Area

The NEXCOM system must meet or exceed the operational coverage area provided by the current voice system without degradation of service quality, or increase of users’ workload beyond the workload of today’s system.  While the coverage itself will drive the requirements for receive sensitivity and transmit power specified in Section 4, the stipulations about service quality and workload have a direct impact on the architecture and implementation.  This requirement implies no major changes to human factors elements at the user interface, and a great deal of commonality with current operating procedures.

2.3.1.2 Drivers Related to Operational Scenarios

Certain operational scenarios have implications for the architectural design.  In general, the following capabilities are inherent in the existing architecture and thus constrain the new architecture to maintain them.

2.3.1.2.1 Dual Control Functions

Some implementations of the A/G Communications System utilize a dual control function, where the remote facility can be controlled from two different control facilities.  The digital voice mode of the NEXCOM System must provide the same capabilities of dual control, both priority and non-priority modes, employed via the RCE.  This will impact the connectivity of the RCE and RIU, as well as the design of the RIU relative to future removal of the RCE.  Dual control is used in situations where one facility, such as a small airport, will shut down operations overnight and relinquish control of a sector to another facility, such as an en route center, until operations resume.  See Appendix A for more information on dual control configurations.

2.3.1.2.2 Control of Multiple Sectors

The NEXCOM System must allow a controller to communicate using voice with multiple talk groups on a selective basis when multiple sectors are combined.  This capability is primarily a voice switch function and requires that elements of the existing architecture remain unchanged in order to support it.  This function is often used during low traffic periods (i.e. overnight) to allow a single controller to maintain several sectors.  See Appendix A for more information on multiple sector control configurations.

2.3.1.2.3 Channel Monitoring of Multiple Sectors

The NEXCOM System must allow channel monitoring between aircraft on separate circuits to the extent that the current system allows channel monitoring.  Again, this capability is primarily a voice switch function and requires that elements of the existing architecture remain unchanged in order to support it.  

2.3.1.2.4 Control Position Preemption

The NEXCOM System must provide the capability for a controller at a designated control position to monitor and preempt another controller’s transmissions at the same or designated control positions.  This requirement is a voice switch function outside the control of the NSOS.  This implies that the architecture must do nothing to prevent this capability that exists today in most control center voice switches.  This functionality typically applies to training situations where a supervisor would monitor and possibly preempt the communications of the trainee.

2.3.1.3 Drivers Related to Policy

Some policies and procedures that are outside the direct provision of air traffic services include the areas of security and maintenance.  These areas also have an impact on the architectural design of NEXCOM.

2.3.1.3.1 Security Attributes

The NEXCOM system must be capable of supporting centralized, remote security administration of access control rules, authentication mechanisms, audit selection and review, and security alerts.  This impacts the architecture in regards to connectivity and protecting points of access within the system from unauthorized access, as well as indicating security violations and limiting their scope.  It also influences the implementation of back up systems and their interconnectivity with the main system.

2.3.1.3.2 Maintenance

Maintenance support for the NEXCOM System will be in accordance with FAA Order 6000.30B, Policy for Maintenance of the NAS through the Year 2000, which details a two-level maintenance philosophy; field and depot.  This concept assumes the use of modular designed equipment, which enables field level personnel to correct equipment failures on-site by replacing the failed Lowest Replaceable Unit (LRU).  Field level maintenance consists of all maintenance activities performed on equipment installed in its operating environment and includes both periodic and corrective maintenance actions and the installation of authorized Electronic Equipment Modifications (EEMs).  Depot level maintenance consists of the repair of failed LRUs shipped from the site to the depot repair facility.  

Maintenance issues impact connectivity, reliability, availability, redundancy and functional allocation, all of which in turn have an impact on the architecture.

2.3.1.3.2.1 NAS Infrastructure Management System (NIMS)

The NEXCOM System will be capable of interfacing with NIMS and provide Remote Maintenance Monitoring and Operational Command and Control of the equipment located at the remote facility as required by NIMS and consistent with FAA Order 6000.30B Policy for Maintenance of the National Airspace System through the year 2000.  This has implications for connectivity within the remote site as well as between the remote site and the control site.

2.3.1.4 Remote Maintenance Monitoring System (RMMS)

The NEXCOM System will provide the following minimum interface capabilities for RMMS to allow the technician to perform monitor and control activities from a remote location:

· Status

· Control

· Performance (radio and antenna)

· Fault Isolation (indicate percentage of probability for finding a fault)

· Service/Equipment Certification

· Digital Link Integrity

This likewise has implications for connectivity within the remote site as well as between the remote site and the control site.

2.3.2 Transition Related Drivers and Critical Operational Issues

Beyond issues related to ATC operations and policy lies the area of transition and how the implementation of the NSOS architecture will support the transition from analog to digital voice, as well as the awareness of possible transitions to later Segments should those be approved by the JRC.  The principal consideration of the transition is that, as the system moves from the current architecture to the proposed architecture, and as the transition is made from analog to digital voice, the impact to standard operations must be managed to minimize any disturbance or disruption to service.

The NEXCOM Segment One RD identifies a number of critical operational issues to be addressed during test and evaluation.  Underlying most of these issues is the desire that the new system be capable of performing in a manner that is equal or superior to the present system in all areas and that the implementation of the new system should be carried out with a minimum of disruption.  These issues can be considered to constitute operational concepts for the NSOS from its inception through full implementation.  These issues are all reflective of system capabilities deemed necessary for NSOS to be an acceptable replacement of the current ATC system.  The NSOS must be capable of the following:

· Interfacing and operating with existing equipment and systems

· Being used without disruption or degradation to ATC operations

· Providing the required level of reliability, maintainability and availability

· Being  maintained without disruption or degradation of current ATC operations

· Providing the current level (or better) of efficiency and accuracy of communications between the controller and pilot

· Providing voice quality that affords the required performance for effective exchange of controller and pilot communications

· Providing AT and Airways Facilities (AF) training sufficient to allow AT to effectively operate the system and AF to effectively maintain the system

· Providing National Airspace Integrated Logistics Support (NAILS) elements for effective operation, maintenance and support when deployed in the NAS.

· Providing RMMS, which allows the technician to perform monitor and control activities from a remote location.

REQUIREMENTS

2.4 System Architecture Requirements

Unless otherwise stated, the term NSOS will indicate a combination of one RIU and two MDRs and their applicable accessories.  See figure 3-4.  If NSOS is used in a different context, that context will be made explicit in the relevant sections.

2.4.1 NEXCOM Segment One Elements

The NSOS shall consist of the following elements:

a) Multimode Digital Radio (MDR) Subsystem

b) Radio Interface Unit (RIU) Subsystem

c) Maintenance Data Terminal (MDT)

d) Interconnecting Cables

Note 1: The MDT may be a software application that runs on the existing RCE or NIMS MDTs.  

Note 2: Each of the subsystems may be equal to LRUs.

2.4.2 System Interfaces

2.4.2.1 Internal Interfaces

The NSOS shall include the following internal interfaces:

a) RIU/MDR

b) MDT/RIU

c) MDT/MDR

2.4.2.2 External Interfaces

The NSOS shall include the following external interfaces:

a) Antenna Subsystems

b) Power and Grounding

c) RCE

d) Local Radio

e) Timing Reference

f) Local User Interfaces

Note: In sustainment mode, the NSOS must be plug compatible with the legacy radio being replaced.  The plug-compatible requirement may be fulfilled by having a different connector on the NSOS equipment, with an adapter (pigtail) between the new NSOS connector and the infrastructure (legacy) connector.

2.4.3 System Configuration Modes

Section 3 and Appendix A provide background on various system configurations of A/G communications equipment used throughout the NAS.  

The NSOS shall be configurable for each of the following modes:

a) Sustainment Mode

b) Analog Voice Mode

c) Digital Voice Mode

2.4.3.1 Sustainment Mode

The NSOS, in Sustainment Mode, will function as a direct replacement for a legacy radio with no other operational or architectural changes required.

2.4.3.2 Analog Voice Mode

The NSOS in Analog Voice Mode will perform DSB-AM radio functions. 

Note 1: Analog Voice Mode provides the transition path to Digital Voice Mode.

Note 2: Operation of NSOS in Analog Voice Mode will appear to be no different to both controller and pilot than the existing system.  Upgrade of avionics is not required.

2.4.3.3 Digital Voice Mode

The NSOS in Digital Voice Mode will perform VDL Mode 3 digital voice functions. 

Note: Operation of NSOS in Digital Voice Mode will appear to be no different to both controller and pilot than the existing system.  Upgrade of avionics is required.

2.5 System Functional Requirements

2.5.1 VDL Compatibility With Aeronautical Standards

2.5.1.1 Multimode Operation

The NSOS shall be capable of operating in both the 25 kHz DSB-AM mode and VDL Mode 3 digital voice mode.

2.5.1.1.1 25 kHz DSB-AM Standardization

The NSOS shall meet the 25 kHz DSB-AM requirements specified in ICAO Annex 10.

2.5.1.1.2 Legacy Operation

The NSOS shall meet the functional requirements specified in the following:

a) FAA-P-2883
Purchase Description, VHF/UHF Air/Ground Communications Receiver

b) FAA-P-2884
Purchase Description, VHF/UHF Air/Ground Communications Transmitter

Note:  Exceptions to these documents related to OT&E and other ECNs will be specified in the appropriate SSS.

2.5.1.1.3 Mode 3 Standardization

a) The NSOS shall meet the VDL Mode 3 requirements specified in RTCA DO-224, Change 2 except the following:

1. The NSOS shall be configurable to operate in the 4V, 3V1D, 2V2D, 3V, 2V1D and 3S configurations.  Other configurations are not required at this time.

2. [TBD]

Note 1:  RTCA DO-224 refers to VDL Mode 3 as “Circuit Mode”.  Though the terms are interchangeable, VDL Mode 3 is more descriptive and is used in this SRD.

Note 2:  [June 1999] Ultimately, the reference to RTCA DO-224, Change 2 will be changed to an appropriate reference to ICAO Annex 10 and an associated technical manual incorporating VDL Mode 3 protocol requirements, which are currently undergoing significant revisions.  Though DO-224, Change 2 also has not been published yet, it is referenced here because the Product Team believes that it is likely to be published before the appropriate version of Annex 10 has been adopted and published.

b) The NSOS shall meet United States regulatory requirements specified in [TBD – e.g. FCC, NTIA, etc.].

c) When there are conflicts between a) and b) above, the requirement specified in b) shall take precedence over the requirement specified in a).

2.5.2 Integration Within the NAS

2.5.2.1 Existing Infrastructure

The NSOS shall be capable of operating within existing NAS remote facilities without modification to the existing infrastructure support including HVAC, power, grounding, bonding, and shielding.

Note: The Product Team is in the process of determining the proper allocation of these requirements among NSOS subsystems and non-NSOS subsystems.  More detailed information will be available in future versions of this document

2.5.2.2 ATC Facility Compatibility

The NSOS shall be capable of interfacing with all appropriate ATC facilities regardless of the transitional state or level of technical evolution of each site.

2.5.2.3 Coexistence with the Present System

All NSOS configuration modes specified in Section 4.1.3 shall be capable of coexisting with the current 25 kHz DSB-AM system.

2.5.2.4 Coexistence Among NSOS Configuration Modes
All NSOS configuration modes specified in Section 4.1.3 shall be capable of coexisting with all other NSOS configuration modes.

2.5.3 Talk Group Communications Requirements

2.5.3.1 Monitoring

The NSOS shall be capable of allowing all users in a talk group to monitor all voice communications within that talk group.

Note 1: The NEXCOM Product Team believes this requirement is fulfilled by the proper implementation of VDL Mode 3.

Note 2: Talk group in this context is defined as a VDL Mode 3 user group consisting of an ATS (ground) controller and a group of aircraft who share voice connectivity.  A VDL Mode 3 net is defined by the channel frequency and the user group.  A single VDL Mode 3 frequency assignment (i.e., ground station radio) will support 1 to 4 user groups (depending on the system configuration in effect for that ground station).  The talk group will not share the (dedicated) voice circuit with other users outside the talk group
2.5.3.2 Entry

The NSOS shall be capable of allowing entry of any aircraft into any talk group within the talk group's service volume.

Note 1:  The NEXCOM Product Team believes this requirement is fulfilled by the proper implementation of VDL Mode 3.

Note 2:  This is to ensure that the aircraft can enter a talk group regardless of whether or not the aircraft was instructed to do so by the ground controller.  For example, in the case where the aircraft has lost communication with its own talk group, it should still be able to access another talk group.

Note 3:  The 3T system configuration limits the number of aircraft that can talk in a group.
2.5.3.3 Confirmation Indication

The NSOS shall be capable of reporting confirmation of all operator selectable parameters as specified in the applicable SSS.

Note:  The display of information to the controller is the responsibility of the appropriate automation system.  The NSOS is only responsible for making the information available to the display system.

2.5.3.4 Equipment Configuration Monitoring

The NSOS shall provide the information necessary to indicate to each controller the configuration of the equipment supporting that controller’s talk group, i.e., the up or down status of the main/standby/diversity string.

Note:  The display of information to the controller is the responsibility of the appropriate automation system.  NEXCOM is only responsible for providing the information to the display system.

2.5.4 Dual Control Function  

The digital voice mode of the NSOS shall provide the same capabilities of dual control, both priority and non-priority modes, employed via the RCE system.

2.5.5 Beacon Coordination

The NSOS shall provide configuration options that allow the VDL Mode 3 beacons to be sequenced such that the NSOS subsystems do not interfere with any other NSOS subsystems operating on the same frequency in the same service volume.  

Note:  This applies to all Main, Standby and BUEC, NSOS subsystems at all sites supporting the subject service volume.

2.5.6 Preemption of Airborne Transmissions

The NSOS shall provide a selectable function that allows the controller to preempt airborne voice transmissions.

Note: This preemptive access provides a limited capability to cope with the "stuck" microphone condition by allowing authorized users to deactivate the transmitter of the offending user.

2.5.7 Ground Stuck Microphone Correction

The NSOS shall provide a selectable function to disable ground transmission after a variable time.  

2.5.8 States

The NSOS subsystems shall at all times be in one and only one of the following states:

a) Off 

b) On-Line (ready to transmit, ready to receive, time synchronized)

c) Failed

d) Maintenance 

e) Certification 

f) Warm-Up

2.5.9 State Transitions 

State transitions shall be in accordance with the state transition diagram shown in Figure [TBD].

2.5.10 Loss of System Power

Three levels of system power loss are defined for the NSOS:

Momentary Interruption – less than [TBD] milliseconds

Short Term Interruption – more than [TBD] milliseconds but less than [TBD] milliseconds

Power Failure – more than [TBD] milliseconds

2.5.10.1 Momentary Interrution Impact

The NSOS operation shall not be affected by momentary interruptions.

2.5.10.2 Short Term Interruption Impact 

a) After a short term interruption the NSOS shall perform a Background Post

b) If the NSOS passes the Background POST, it shall perform the following steps:

1. Return to Operational State

2. Report Detection of a short term interruption in power

3. Report Background POST results

c) If the NSOS fails the Background POST, it shall perform the following steps:

1. Go to Failed State

2. Report Detection of a short term interruption in power

3. Report Background POST results

2.5.10.3 Power Failure Impact

a) After a power failure the NSOS shall perform the following steps:

1. Enter Startup State (which includes performance of a Full POST)

2. Report Full POST results

b) If the NSOS passes the Full POST, it shall perform the following steps:

1. Return to Operational State

2. Report Change to Operational State

c) If the NSOS fails the Full POST, it shall perform the following steps:

1. Go to Failed State

2. Report Change to Operational State

2.5.11 Unused Inputs

Open, unconnected or powered down inputs shall not cause the NSOS to generate RF transmissions.

2.5.12 Upgradability

2.5.12.1 Waveforms

The NSOS shall be upgradable to operate using the 8.33 kHz DSB-AM ICAO waveform. 

2.5.12.2 Protocols

The NSOS shall be upgradable to operate using the ICAO VDL Mode 2 protocol.

2.5.12.3 Vocoder

The NSOS vocoder shall be upgradable.

2.5.12.4 Interface

The NSOS digital I/O port(s) shall be upgradable to support high-speed data communications.
2.5.12.5 Future Functions

There are a number of anticipated requirements for future segments of the NEXCOM System which must be taken into account during Segment One development.  These are included in Appendix C. 
2.5.13 Enhanceability

The NSOS shall be capable of incorporating hardware and/or software improvements without requiring modifications to other A/G communication systems and NAS system components.

Note 1:  One potential exception is the channel labeling scheme.

Note 2:  Also, a number of the automation features required of the NSOS may require modifications to the automation systems.

2.5.14 Channel Labeling

The NSOS shall be capable of operating with the following ICAO channel labeling schemes:

a) 25 kHz DSB-AM only

b) Combined 25 kHz DSB-AM, VDL Mode 3 and 8.33 kHz DSB-AM

2.5.15 System Timing

a) The NSOS shall accept external timing to provide synchronization between facilities serving the NAS.  

b) The external timing source will:

1. Be synchronized to UTC

2. Have an accuracy within ( 10 (s of UTC

2.5.16 Timing Distribution

Multiple NSOSs shall be capable of synchronizing from a single time source per facility.

2.6 System Performance Requirements

2.6.1 Service Quality

The NSOS shall be capable of meeting all performance requirements specified in Section 4.3 without degradation of AT service quality.

2.6.2 User Workload

The NSOS shall meet all requirements specified in Section 4 without increasing user workload beyond the workload of the current system.
2.6.3 Continuous Broadcast 

The NSOS shall provide continuous ground-to-air voice broadcast within a service volume in DSB-AM (100 per cent duty cycle) and VDL Mode 3 (~86 per cent duty cycle).

2.6.4 Voice Communications Requirements

2.6.4.1 Voice Quality/Intelligibility

The NSOS voice communications shall meet ATC quality/intelligibility requirements specified in [TBD] throughout a protected service volume.

Note:  The Product Team will provide voice communications testing procedures that allow assessment of this performance criterion.

2.6.4.2 Audio Throughput Delay

2.6.4.2.1 Uplink Delay

The audio processing delay of the NSOS, measured from the activation of the push to talk signal line on the RCE to the onset of the corresponding voice encoded RF signal out of the MDR antenna port, shall be less than [TBD] milliseconds.

2.6.4.2.2 Downlink Delay

The audio processing delay of the NSOS, measured from the RF signal received from the receive antenna to the onset of the analog voice output of the RIU, shall be less than [TBD] milliseconds.
2.6.4.3 Audio Clipping

The NSOS shall not truncate the voice signal received or transmitted.

2.6.5 Frequency Performance Requirements

2.6.5.1 Range

NSOS equipment frequency range shall be 112 -137 MHz.

Note:  It is anticipated that the NEXCOM System will initially operate in the 117 – 137 MHz range.

2.6.5.2 Tuning Steps

The NSOS shall be tunable in variable step sizes to accommodate the current ICAO 25 kHz and 8.33 kHz channel plans.

2.6.6 RF Power Output

The NSOS shall provide RF transmitter power adjustable from 10 to 50 watts.
2.6.7 Channel Bundling

The NSOS shall operate two independent voice circuits.

Note:  Current AT philosophy may prevent bundling of more than two voice circuits on the same NSOS.  This implies 2 separate NSOSs are required to support VDL Mode 3 configuration 4V.

2.6.8 Radio Frequency Interference and Electromagnetic Interference Requirements

a) The NSOS shall meet the RFI/EMI emission requirements of the existing system.

b) The NSOS shall meet the RFI/EMI susceptibility requirements of the existing system.

c) The NSOS shall meet the RFI/EMI requirements specified in FAA-G-2100F, Section [TBD].

2.6.9 Growth Margin

The NSOS will be implemented with excess computational capacity such that the initial utilization of system resources does not exceed the levels in the following paragraphs.

2.6.9.1 Processor Utilization

The initial processor utilization shall not exceed 33% of the maximum capacity of the device(s) as implemented in the NSOS.

2.6.9.2 I/O Utilization

2.6.9.2.1 Pins

Connectors shall have [TBD] % pins unused and available for future expansion.

2.6.9.2.2 Throughput

Throughput shall not exceed 25% of the maximum capacity available as implemented in the NSOS.

2.6.9.3 Memory

2.6.9.3.1 Random Access Memory

The initial implementation of the NSOS shall utilize less than 50% of the available RAM.

2.6.9.3.2 Non-Volatile Memory

The initial implementation of the NSOS shall utilize less than 33% of the available non-volatile memory

2.6.10 Cable Requirements

All NSOS cables shall meet the performance requirements specified in the following:

a) NFPA Standard 70, National Electrical Code, Section [TBD]

b) FAA Order 6630.4, En route Communications Handbook, Section [TBD]

c) FAA-C-1217F, Section [TBD]

2.7 Maintenance, Monitoring and Control Requirements

2.7.1 Performance Monitoring Requirements

a) The NSOS shall be capable of monitoring system performance using NIMS, as specified in FAA Order 6000.30B, Policy for Maintenance of the National Airspace System through the year 2000, Section [TBD].

b) The NSOS shall be capable of declaring an error when the link quality degrades below the performance requirement specified in DO-224, Change 2, Section [TBD].

2.7.2 Access

Access to MMC functions shall be by one of the following means:

a) Front Panel Access (limited capability)

b) Local MDT Access (full capability except local audio interface access)

c) Remote Access (full capability except local audio interface access)

2.7.3 MMC States

2.7.3.1 Maintenance State

When the maintenance state is activated, the applicable subsystem(s) of the NSOS shall be placed in an off-line state and shall ignore inputs from other parts of the A/G communications system.

2.7.3.2 Monitor State

The monitoring state shall allow authorized personnel to view the value or state of designated parameters without providing the ability to change them.  The NSOS may be operational in monitor state.

2.7.3.3 Control State

The control state shall place the applicable NSOS subsystem(s) under the exclusive control of the authorized maintenance personnel.

2.7.4 MMC Capabilities

2.7.4.1 Automatic Capabilities

Automatic capabilities are those which require no user intervention.  The NSOS shall provide the following automatic MMC capabilities:

a) Fault logging and reporting

b) Access logging and reporting

c) Action logging and reporting

d) Power On Self-Test (POST)

e) Background Self-Test/ Built-in Test (BIT)

Note:  Access Logging function will log all requested access attempts and access grants; timestamp all access attempts and all access grants; identify access requests by user and requested access; and record all alarms and alerts, state changes, and any maintenance activities.

2.7.4.2 Manual Capabilities

Manual capabilities may involve automated processes but require user intervention for their initiation.  The NSOS shall provide the following manual MMC capabilities.

2.7.4.3 Local Maintenance, Monitoring and Control

a) Maintenance, monitoring and control functions shall be accessible by on-site personnel  

b) The NSOS shall have local maintenance functions that allow authorized personnel to carry out diagnostic activities, adjust parameters and maintain proper operation of the equipment.

2.7.4.3.1 Front Panel Accessible MMC Functions

Each NSOS subsystem shall have a Front Panel Accessible MMC (FPAM) Function that allows the following functions to be performed on that specific NSOS subsystem:

a) Power On / Power Off Control

b) Status Annunciation

c) Limited Subsystem State Control

d) Local Audio

e) Squelch Control

2.7.4.3.1.1 Power ON / Power OFF Control

The FPAM Function shall allow operating power to be turned on or off to that specific NSOS subsystem.

2.7.4.3.1.2 Status Annunciation

The FPAM Function shall annunciate the status of each subsystem, as applicable, including: power on, power off, subsystem state, assigned frequency, [TBD].

2.7.4.3.1.3 Limited Subsystem State Control

The FPAM Function shall allow the technician to specify whether the subsystem of the NSOS is in Operational State, Maintenance State, Monitor State, or Control State. 

2.7.4.3.1.4 Local Audio (Headset Jack and PTT/Mic Jack)

The FPAM Function shall allow the technician to connect a headset, including microphone, PTT switch and speaker, to monitor live audio (as received) and to transmit live audio.

2.7.4.3.1.5 Squelch Control

The FPAM Function shall allow the technician to set the Squelch level in Sustainment and Analog Voice Mode only.

2.7.4.3.2 Maintenance Data Terminal MMC Function

Each NSOS subsystem shall have a Maintenance Data Terminal (MDT) MMC Function that allows the on-site technician to perform the following two sets of functions:

a) System Level MMC Functions:

1. Perform all subsystem level MMC functions for all connected (and powered-on) subsystems

2. Access Logs

3. Select System Mode

4. Adjust System Parameters

b) Subsystem Level MMC Functions:

1. Annunciate Status

2. Control Subsystem State

3. Adjust Tuned Frequency

4. Control RF Power Output

5. Squelch Setting Adjustment

6. Adjust Configuration / Site Adaptation Parameters

7. Fault Isolation and Diagnostics

8. Upgrade Software

9. Select Operating Software

10. Identify and Authenticate Users

2.7.4.3.2.1 Adjustable Parameters

2.7.4.3.2.1.1 Transmit Power

An MMC function shall allow the RF transmit power to be adjusted throughout the designated range.

2.7.4.3.2.1.2 Site Adaptation Data

An MMC function shall allow all site specific data to be changed.

2.7.4.3.2.1.3 Fault Isolation / Diagnostic Function

An MMC function shall be provided to diagnose failures and isolate faults to the LRU level.

2.7.4.3.2.1.4 Software

2.7.4.3.2.1.4.1 Software Upgrade Function 

An MMC function shall be provided to upgrade software by downloading new versions of the application or operating system software.

2.7.4.3.2.1.4.2 Software Version Selection

An MMC function shall be provided that allows the selection of different versions of installed software should more than one version be present.

2.7.4.3.2.2 Parameters Monitored

The data points to be monitored within each NSOS subsystem shall be in accordance with the applicable SSS.

2.7.4.3.2.3 Control

The NSOS shall have local control functions which allow authorized personnel to adjust designated parameters or exercise designated operational controls of NSOS subsystems.

2.7.4.3.2.3.1 Frequency Tuning

A local control function shall allow the operating frequency to be changed within the appropriate range.

2.7.4.4 Remote Maintenance, Monitoring and Control

Same functionality as System Level MDT Maintenance functions, except performed remotely from the control site.

MMC functions shall be accessible by control site personnel via the RCE serial port.

2.7.5 Data Latency

All data provided in response to maintenance or monitoring inquiries shall be less than one second old.

2.7.6 Data Logging

[TBD]

2.7.7 Security

The NSOS shall provide security at a level which precludes access to MMC functions by unauthorized personnel.

2.8 Reliability and Maintainability Requirements

2.8.1 Reliability

2.8.1.1 Single Point of Failure

No single point of failure of the NSOS equipment shall cause a loss of AT service.

Note:  This is derived from NAS-SS-1000, Volume I, par. 3.2.4.1.

2.8.1.2 NSOS Mean Time Between Failure

NSOS MTBF shall be greater than or equal to 19,996 hours.

2.8.2 Maintainability

2.8.2.1 Mean Time to Restore

NSOS subsystem mean time to restore (MTTR), as defined by FAA Order 6040.15C, par. 702f [TBR], shall be less than or equal to 0.5 hours

 Note1:  This is derived from NAS-SS-1000, Volume I, par. 3.2.2.3.

Note 2:  MTTR is defined to start from the time the service personnel arrives at the site and excludes specifically, travel time.
2.9 Maintenance Requirements

2.9.1 General Maintenance Requirements

a) The NSOS shall meet the hardware maintenance requirements specified in FAA Order 6000.30B, Policy for Maintenance of the NAS through the Year 2000 [TBR]

Note: This policy details a two-level maintenance philosophy: field and depot.

b) The NSOS shall be maintained with the support equipment, test equipment, and tools presently in the FAA inventory.

2.9.2 LRU Maintenance

a) Individual LRUs in NSOS equipment shall be designed to permit removal and replacement by a single person.

b) Maintenance of Individual LRUs in NSOS equipment shall meet the requirements specified in FAA-G-2100F, Section [TBD].

2.9.3 Periodic Maintenance

a) The NSOS equipment shall require onsite periodic maintenance no more than once per year.

b) NSOS periodic maintenance tasks shall require no more than one person to accomplish.

Note : This is derived from NAS-SS-1000, Volume 1, par. 3.2.3.2.

c) Time to complete NSOS periodic maintenance tasks shall require no more than 12 staff hours per year.

Note: Requirement c) is derived from NAS-SS-1000, Volume I, par. 3.2.3.2.

2.10 Security Requirements

[TBD]

2.11 General Requirements

2.11.1 Physical Requirements

2.11.1.1 Size

The NSOS shall be sized to allow installation into the same physical space as the legacy radio equipment being replaced. 

2.11.1.2 Weight

NSOS shall be comprised of individual LRUs that do not exceed 37 lbs.

2.11.2 Power

2.11.2.1 Power and Grounding

The NSOS shall meet the power and grounding requirements of FAA-G-2100F.

2.11.2.2 Lightning Protection

All NSOS external interfaces shall be lightning protected.

2.11.2.3 Power Consumption

The NSOS shall have a maximum power consumption of [TBD] watts.

2.11.3 Environmental and Energy Requirements

2.11.3.1 General Environmental Requirements

The NSOS shall meet the safety requirements specified in the following:

a) Occupational Safety and Health Act, Section [TBD]

b) Environmental Protection Agency Regulations

[TBD]

c) FAA-G-2100F, Electronic Equipment General Requirements

Section [TBD]

d) Other code/regulatory standards [TBD]

2.11.3.2 Pollution Control Requirements

The NSOS shall meet the pollution control requirements specified in the following:

a) Executive Order 12088, Federal Compliance with Pollution Control Standards, Section [TBD]

b) Executive Order 12873, Federal Acquisition, Recycling, and Waste Prevention, Section [TBD]

c) Code of Federal Regulations (CFR)

1.
Title 40 CFR Environmental Protection

2.
[TBD]

d)
Other FAA environmental orders and directives


1.
[TBD]

2.11.3.3 Energy Conservation Requirements

The NSOS shall meet the energy conservation requirements specified in Executive Order 12902, Energy Efficiency and Conservation at Federal Facilities, Energy Policy Act of 1992, Section [TBD].

2.11.4 Safety Requirements

2.11.4.1 Personnel Safety Requirements

The NSOS shall meet the personnel safety requirements specified in FAA-G-2100F, Table 1-1.

2.11.4.2 Hazardous Materials


a)
Hazardous materials shall be excluded from the NSOS.


b)
NSOS components shall be free of the following materials:

1.
Asbestos

2.
Polychlorinated Bi-Phenols (PCBs)

3.
Lead

4.
Class 1 ozone depleting substances

2.11.5 Scalability Requirements

The NSOS shall meet the requirements specified in Section 4 for all ATC facilities.

2.12 Functional Allocations

2.12.1 MDR Functional Allocations

2.12.1.1 MDR Subsystem Functions

The NSOS MDR Subsystem shall be capable of providing the functions listed in Table 4-1.

Table 4-1  MDR Functions

Functions


Stages of Activation


Segment One

Step One
Segment One

Step Two
Future 

1.  Physical Layer


a)  Synchronization sequence generation 

(
(

b)  Synchronization sequence detection

(
(

c)  Gray code encoding

(
(

d)  Gray code decoding

(
(

e)  Differential encoding

(
(

f)  Differential decoding

(
(

g)  Bit scrambling

(
(

h)  Bit descrambling

(
(

i)  Golay Forward Error Correction (FEC) encoding

(
(

j)  Golay FEC decoding

(
(

k)  Channel tuning 
(
(
(

l)  Transmitter modulation  
(
(
(

m)  Receiver demodulation  
(
(
(

2.  Other Functions in Receiver


a)  Squelch windowing

(
(

b)  Squelch timing enforcement 

(
(

c)  Voice header identification

(
(

3.  Built-in-Test [TBD]  
(
(
(

4.  Programmability 


a)  8.33 kHz DSB-AM  
(
(
(

b)  Others [TBD]  
(
(
(

5.  Local MMC  
(
(
(

Key: ( denotes that function is required.

2.12.1.2 MDR Subsystem Interfaces

[TBD]

2.12.1.3 MDR Human Interfaces

[TBD]

2.12.2 RIU Subsystem Allocations

2.12.2.1 RIU Subsystem Functions

The NSOS RIU Subsystem shall be capable of providing the functions listed in Table 4-2.

Table 4-2  RIU Functions

Functions


Stages of Activation


Segment One

Step One
Segment One

Step Two
Future

1.  Physical Layer Functions


a)  Reed-Solomon FEC encoding


(

b)  Reed-Solomon FEC decoding


(

2.  Multiplexing


(

3.  MAC Functions


a.)  Media access control

(
(

b)  Burst formatting

(
(

c)  System configuration management 

(
(

d)  Link Management support 

(
(

4.  Voice operation support 

(
(

5.  Data operation support 


(

6.  LME Functions


a)  Link establishment

(
(

b)  Recovery

(
(

c)  Link release

(
(

7.  DLS Functions


a)  Error detection and Address ID


(

b)  Priority queuing


(

c)  Frame grouping


(

8.  Built-in-Test [TBD]
(
(
(

9.  RMMC Security


a)  Authentication
(
(
(

10.  Local MMC
(
(
(

Key: ( denotes that function is required.



2.12.2.2 RIU Subsystem Interfaces

[TBD]

2.12.2.3 RIU Human Interfaces

[TBD]

2.13 Performance Allocations

2.13.1 MDR Performance Allocations

2.13.1.1 Audio Processing Delay

(a) The uplink audio processing delay contribution of the MDR shall be less than or equal to [TBD] ms.

(b) The downlink audio processing delay contribution of the MDR shall be less than or equal to [TBD] ms.

2.13.1.2 Reliability/Maintainability

The MDR MTBF shall be equal to or greater than 26,280 operational hours.

2.13.1.3 Power Consumption

The maximum power consumption of the MDR shall be less than [TBD] watts. 

2.13.1.4 MDR Subsystem Interfaces

[TBD]

2.13.1.5 MDR Human Interfaces

[TBD]

2.13.2 RIU Performance Allocations

2.13.2.1 Audio Processing Delay

a) The uplink audio processing delay contribution of the RIU shall be less than or equal to [TBD] ms.

b) The downlink audio processing delay contribution of the RIU shall be less than or equal to [TBD] ms.

2.13.2.2 Reliability/Maintainability

The RIU MTBF shall be equal to or greater than 40,000 operational hours.

2.13.2.3 Power Consumption

The maximum power consumption of the RIU shall be less than [TBD] watts.

2.13.2.4 RIU Subsystem Interfaces

[TBD]

2.13.2.5 RIU Human Interfaces

[TBD]
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A/G  
Air/Ground 

AC
Alternating Current

ACARS
Aircraft Communications Addressing and Reporting System 

ACF
Area Control Facility

ADL
Aeronautical Data Link

AF 
Airways Facilities

AFSS
Automated Flight Service Station 

AM(R)S
Aeronautical Mobile (Route) Services

ARSR
Air Route Surveillance Radar

ARTCC  
Air Route Traffic Control Center 

ASR
Airport Surveillance Radar

AT
Air Traffic

ATC 
Air Traffic Control

ATCT  
Airport Traffic Control Tower

ATN  
Aeronautical Telecommunication Network

ATR
Antenna Transfer Relay

ATS
Air Traffic Services

BIT
Built In Test

BUEC  
Backup Emergency Communications

CERAP
Combined Center Radar Approach Control

CFR
Code of Federal Regulations

CLNP
Connection-Less Network Protocol

CPDLC
Controller Pilot Data Link Communications

D-ATIS
Digital Air Traffic Information Service

DC
Direct Current

DF
Direction Finder

DL 
Dummy Load

DLS  
Data Link Service

DSB-AM  
Double Sideband Amplitude Modulation 

DSR  
Display System Replacement

ECN
Engineering Change Notice

ECOM  
En Route Communications

EEM
Electronic Equipment Modification

EMI
Electromagnetic Interference

ETVS  
Enhanced Terminal Voice Switch

EUL-A
End User Location - Type A

EUL-B
End User Location - Type B

FAA  
Federal Aviation Administration 

FEC
Forward Error Correction

FIFO
First In First Out

FIS
Flight Information Services

FPAM
Front Panel Accessible MMC

FSS
Flight Service Station

G/G
Ground/Ground

GNI  
Ground Network Interface

GNIp  
Primary GNI

GNIs  
Secondary GNI 

GPS  
Global Positioning System

hrs
hours

HVAC
Heating, Ventilation and Air Conditioning

ICAO  
International Civil Aviation Organization

ICD  
Interface Control Document

ICSS  
Integrated Communication Switch System 

ID  
Identification 

IFR
Instrument Flight Rules

IRD
Interface Requirements Document

ISO  
International Organization for Standardization

JRC
Joint Resources Council

Kbps  
kilobits per second 

KHz
kilohertz

LAN  
Local Area Network 

LME  
Link Management Entity 

LMMC
Local Maintenance Monitoring and Control

LPA
Linear Power Amplifier

LRU
Lowest Replaceable Unit 

M  
Main 

M/S
Main/Standby

MAC  
Media Access Control 

MASPS
Minimum Aviation System Performance Standards

MBA  
Make-before-Break 

MDR  
Multimode Digital Radio

MDT
Maintenance Data Terminal

MHz
Megahertz

MMC  
Maintenance, Monitoring, and Control

MNS
Mission Need Statement

MOPS
Minimum Operational Performance Standards

MTBF
Mean Time Between Failures

MTTR
Mean Time to Restore

NA
Not Applicable

NAILS
National Airspace Integrated Logistics Support

NAS  
National Airspace System

NASPAS
National Airspace System Performance Analysis System

NAVAID
Navigational Aids

NDB
Non-Directional Beacon

NDI
Non-Developmental Item

NEXCOM  
Next Generation Air/Ground Communications 

NIMS  
NAS Infrastructure Management System 

NOTAM
Notice to Airmen

NSOS
NEXCOM Segment One System

OT&E
Operational Test and Evaluation

PCB
Polychlorinated Bi-Phenols

PCM  
Pulse Code Modulation 

PDC
Pre-departure Clearance

POST
Power On Self Test

PTT  
Push-to-Talk 

RAPCON
Radar Approach Control

RATCF
Radar Air Traffic Control Facility

RCAG  
Remote Communications Air/Ground Facility

RCE  
Radio Control Equipment 

RCF
Remote Communications Facility

RCL
Radio Communications Link

RCO
Remote Communications Outlet

RD  
Requirements Document 

RDVS  
Rapid Deployment Voice Switch 

RF  
Radio Frequency 

RFI
Radio Frequency Interference

RIU  
Radio Interface Unit

RMA
Reliability, Maintainability, and Availability

RMM  
Remote Maintenance Monitoring 

RMMC  
Remote Maintenance Monitoring and Control

RMMS
Remote Maintenance Monitoring System

RMS
Remote Monitoring Subsystems

RTR
Remote Transmitter/Receiver

RX
Receiver

S  
Standby 

SARPs  
Standards and Recommended Practices

SNMPV1
Simple Network Management Protocol, Version 1

SSS  
Subsystem Specification 

STR
Separated Transmitter/Receiver

STVS  
Small Tower Voice Switch 

T/R
Transmit/Receive or Transmitter/Receiver

TACAN
Tactical Aircraft Control and Navigation 

TCOM
Terminal Communications

TDLS
Tower Data Link Service

TDMA  
Time Division Multiple Access 

TE 
Throughput Efficiency

Telco  
Telecommunication 

TRACON  
Terminal Radar Approach Control

TX
Transmitter

UHF  
Ultra High Frequency 

V
volts

VDL  
VHF Digital Link 

VEARS  
VSCS Emergency Alternate Radio System

VFR
Visual Flight Rules

VHF  
Very High Frequency 

VOR
VHF Omnidirectional Range

VORTAC
VOR Collocated with TACAN

VSCS  
Voice Switching and Control System 

VTABS  
VSCS Training and Backup System 

XID 
Exchange Identifier (frame)

XPLP  
X.25 Packet Layer Protocol

APPENDIX A  NAS A/G Configurations

A.1 A/G Facilities and Configurations

The following table summarizes the multiple/various configurations of the A/G communications facilities utilized in the NAS.  The Area Control Facilities (ACFs) are the control sites and Remote Communications Facilities (RCFs) are the associated remote sites.  

Table A – 1

ACFs
RCFs
Configuration

ARTCC
RCAG
T/R,M/S, Separate TX/RX


BUEC
T/R (Main only)


Local
T/R

ATCT
RTR
T/R,M/S, Separate TX/RX


Local
T/R, Emergency

TRACON/RAPCON
RTR
T/R,M/S, Separate TX/RX


Local
T/R, Emergency

AFSS/FSS
RCO
T/R,M/S, Separate TX/RX


Local
T/R, Emergency

Reference:

T/R


A.1.2.5.1

M/S


A.1.2.5.2

Separate TX/RX
A.1.2.5.3

Emergency


A.1.2.5.7

Area Control Facilities (ACF)

The following figure provides a general concept of the interrelationships between the various ACFs within the NAS.
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Figure A - 1  ACF to RCF Diagram

A.1.1.1 Air Route Traffic Control Center (ARTCC)

The ARTCCs are responsible for en route air traffic control for all civil and military aviation.  Each ARTCC has well defined boundaries and is responsible for all airspace within these boundaries that has not been delegated to terminal ATC facilities.  The controllers at ARTCCs make extensive use of RCAG and BUEC A/G communications facilities 

The ARTCC has three different radio facilities that support A/G communications.  They consist of Remote Communications Air/Ground (RCAG), Back-up Emergency Communications (BUEC), and Local Radios facilities.  All ARTCCs utilize the Voice Switching and Communications System (VSCS) to interface with their A/G communications facilities.  

All interfaces from the ARTCC to RCAGs and BUECs today utilize the CSTI Radio Control Equipment (RCE) for controlling the VHF/UHF radios.  The RCE emulates three types of interfaces to the VSCS that are presently used in the NAS to connect to an RCAG/BUEC site.  Two of those interfaces are a +12 VDC interface (i.e. Grim) and a contact closure interface (Intellect 5134C) for RCAG sites.  For a complete description of these two interfaces refer to the VSCS ICD (NAS-IC-42014000) and the RCE specification (FAA-E-2885).  The third (BUEC) interface is a unique interface that was originally designed to interface an older BUEC transceiver design.  Today the BUEC interface is emulated via an RCE operating in BUEC Mode.  For a complete description of the BUEC interface refer to VSCS ICD (NAS-IR-64024201).
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Figure A – 2  Typical ARTCC (En Route)

A.1.1.2 Airport Traffic Control Tower (ATCT)

The ATCT facility makes use of A/G communications to provide ATC services to aircraft operating in the vicinity of an airport or in airport movement areas.  Tower air traffic controllers authorize aircraft movements including take-offs, landings, and airport area movements, regardless of flight plans or weather conditions. 

A.1.1.3 Terminal Radar Approach Control (TRACON)

The TRACON controllers use radar/beacon and computer capabilities to provide approach control services to aircraft arriving, departing, or transiting airspace controlled by that particular facility.  Similar facilities are the U.S. Air Force (USAF)/FAA Radar Approach Control (RAPCON) and the U.S. Navy’s Radar Air Traffic Control Facility (RATCF).

A.1.1.4 Flight Service Station (FSS)

The FSS is an operational facility in the flight advisory system.  The FSS provides pilot briefing, airport and en route advisory services, VFR and IFR flight plan handling, A/G and point to point communication services, search and rescue services, emergency assistance, originates NOTAMS, weather observations, and Air Navigation facility monitoring.  FSS specialists broadcast aviation weather reports and provide en route VFR flight-following services.  A/G communications are usually via RCO facilities which may involve voice broadcast on some navigation facility transmitters. 

A.1.1.5 Automated Flight Service Station (AFSS)

The AFSS is a computerized central operations facility that combines and automates the functions of several (two or more) FSSs at a single location.  The AFSS provides automated data acquisition and transmission capability for centralized flight plan processing; weather information consolidation and dissemination; Notice to Airman (NOTAM) services; pilot briefings; and other en route, terminal and airport advisory services. 

A.1.2 Remote Communications Facilities (RCF)

The following figure provides a general concept of the interrelationships between an RCF and the various ACFs within the NAS.
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Figure A – 3  RCF and Its Tributary Facilities

A.1.2.1 Remote Communications Air/Ground Facility (RCAG)

The RCAG is an unmanned remote VHF/UHF transmitter and receiver facility, which is used to expand the ARTCC’s A/G communications coverage facilitating direct contact between pilots and controllers.  The RCAG consists of transmitters, receivers, and ancillary equipment with redundant equipment for each operational frequency.  The VHF and UHF transmitter and receiver equipment usually operate as a paired ARTCC channels which share one control line for associated equipment required to modulate and transfer equipment (main/standby).  There are some split channel operations which require a separate control line and associated equipment for each operational frequency (i.e., the VHF and the UHF frequency).

The RCAG is typically remotely located from the ARTCC.  Depending on the sector providing coverage, the RCAG could be on top of a mountain, in the middle of the desert, or near a large metropolitan area.  The primary communication path with an RCAG is a Leased Telco Voice Grade 6 lines.  Several RCAGs have a backup communication path provided by the FAA’s RCL system.  A few RCAGs not supported by RCL may have separate diverse leased circuits providing backup communications capabilities.

A remote RCE unit connected, via the telco, to the control site, provides the control and voice interface to the remote Main and Standby VHF/UHF transmitter/receivers.  

A.1.2.2 Back-Up Emergency Communications (BUEC) Facility

The BUEC system provides redundant RCAG VHF and UHF communications channels that are available to the ARTCCs for immediate use if one or more primary RCAG frequencies fail.  BUEC channels are completely independent of the normal transmission paths between an ARTCC and its RCAGs.  The primary Telco path for a BUEC facility is the FAA RCL when available.  If a backup Telco path is utilized it is typically a Leased Voice Grade 6 line.  The BUEC facilities are generally collocated at long range radar sites (Air Route Surveillance Radars or ARSRs), VHF Omnidirectional Ranges (VOR), Remote Transmitter/Receivers (RTR), or any other suitable sites.  The BUEC interface to the VSCS is emulated by an RCE in BUEC mode of operation.  The RCE was modified to accommodate the previous interface of the older transceiver BUEC system.  For a complete description of the BUEC interface refer to the VSCS ICD (NAS-IC-42014000).  The BUEC system consists of Remote Communications Equipment (RCE in BUEC mode), VHF/UHF transmitters and receivers.  The BUEC only provides main radios.  The radios are configured the same as an RCAG in a T/R configuration.  

A.1.2.3 Remote Transmitter/Receiver (RTR)

The RTR facilities provide pilot to controller voice communication functions in the terminal area.  Joint use civil/military areas may have both VHF and UHF equipment installed.  The RTR facilities may house equipment used for other than terminal ATC, e.g., BUEC, and RCO functions.  Control, voice, and other data circuits to theses facilities may be FAA-owned and maintained.
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Figure A - 4  RTR Site Configuration

A.1.2.4 Remote Communications Outlet (RCO)

The RCO is the peripheral A/G radio communications facility that provides the radio link between AFSS and FSS specialists, and pilots flying in their flight advisory area.  The RCO may be collocated with other A/G radio communications stations such as RCAG, BUEC, RTR, or other air navigation facilities, i.e., VHF Omnidirectional Range/VOR Collocated with TACAN/Non Directional Radio Homing Beacon (VOR/VORTAC/NDB) facilities.  VOR/VORTAC collocated RCOs may use their voice transmitter capability as the FSS link to pilots with the receiver link located at the same site.  The Navigational Aid (NAVAID) control and monitor (Telco) circuits are used for voice modulation and control of the RCO facility as well.

A.1.2.5 RCF Configurations

The following sections describe the various transmitter and receiver configurations/locations that are utilized in the NAS today.

A.1.2.5.1 Transmitter/Receiver (T/R)

The RCF T/R configuration consists of the transmitter and the receiver connected to the antenna via an antenna transfer relay (or diplexor) located in the transmitter.  When an LPA is utilized, an external Antenna Transfer Relay may be utilized in place of the transmitter’s internal relay.  The following diagram depicts a simplified view of the T/R configuration.

[image: image6.wmf]VHF TXm

VHF RXm

VHF TXs

VHF RXs

UHF TXm

UHF RXm

UHF TXs

UHF RXs

T/R configuration

Remote RCE

Main Radio Antenna

Main Radio Antenna

Standby Radio Antenna

Standby Radio Antenna


Figure A - 5  RCAG T/R Configuration 
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Figure A - 6  RCAG Site Diagram for a T/R Configuration

A.1.2.5.2 Main/Standby (M/S)

In the M/S configuration, the antenna is typically connected to an external Antenna Transfer Relay (ATR) and then the main transmitter and the standby transmitter is connected to the antenna transfer relay (similarly for the receivers).  The following diagram depicts a simplified view of the M/S configuration.
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Figure A – 7  RCAG Diagram for a M/S Configuration 
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Figure A – 8  RCAG Site Diagram for a M/S Configuration

A.1.2.5.3 Separate Transmitter/Receiver (STR)

In the separate TX/RX configuration, the antenna is typically connected to a transmitter combiner or a receiver multicoupler and then connected to several transmitters or receivers respectively.  The transmitters and receivers may be collocated in the same facility or may be located in separate facilities.  Figure A-9 depicts a simplified view of a separate TX/RX configuration.
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Figure A – 9 RCAG Separate TX/RX Configurations 

Using Combiners/Multicouplers 
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Figure A – 10  RCAG Site Diagram for Separate TX/RX Configuration
A.1.2.5.4 RCE Dual Control

A dual control configuration exists between two ACFs and one RCF.  The RCE provides the capability to allow two controlling facilities to utilize a single remote communications facility.  A typical application of dual control is where a tower will be manned and operated during normal business hours and turned over to another ACF that is manned 24/7.  The RCE provides for both a non-priority and priority mode of simultaneous control.  Refer to the RCE specification, FAA-E-2885, for more details of RCE dual control mode.
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Figure A – 11  Dual Control
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Figure A – 12  Dual Control Site Diagram 

A.1.2.5.5 Diversity Site Groups

The VSCS supports a multi-RCAG/BUEC site grouping commonly referred to as a Diversity Site Group.  In this configuration there can be from 2 to 6 RCAG facilities (and their associated BUEC facilities) providing A/G communications support for one sector on the same operating frequency.  The diversity site group allows an operator the ability to simultaneously operate and listen on up to 6 radios on the same frequency.  The VSCS only allows one transmitter to be keyed at a time, which is determined by operator selection.  All receivers are active at all times with VSCS utilizing a somewhat FIFO approach to selecting the first received audio from the receivers and presenting it to the operator’s headset for use.

The following diagram depicts only the RCAG sites but is intended to illustrate the diversity site grouping concept.
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Figure A – 13 Diversity Site Groups

A.1.2.5.6 Local Radio

The local radio provides the close-in coverage not required to be serviced by a RCAG/RTR/RCO facility.  The local radio is located at the ACF and sometimes referred to as a ‘Local RCAG’.  Local radios are typically keyed via +48 VDC or a ground loop (contact closure).  For a complete description of the VSCS Local Radio interface refer to the VSCS ICD (NAS-IC-42014000, January 1994).  Several ARTCCs have utilized the RCE to provide the control interface to the local radio.  The local radios are typically configured the same as a T/R configuration.  The following diagram depicts a typical Local Radio implementation.
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Figure A – 14  Local Radio
A.1.2.5.7 Emergency Radio

The Emergency Radio is typically a portable radio that can be transported by hand to provide A/G communications in the event the control facility loses power.

APPENDIX B  Architecture and Design Decision Rationale

B.1 Introduction

The architectures described in Section 3, and the functional allocations detailed in Sections 4.9.1 and 4.9.2 are the results of tradeoff and technical analyses.  The architecture designs are based upon the known NSOS requirements, NAS infrastructure constraints, and the segmented program approach, taking into account of system transition strategy, regulatory requirements, ICAO/RTCA compatibility and interoperability, and future system growth.  Many of the functions have been allocated as required to optimize performance, to reduce cost and complexity of the system, and to simplify internal and external interfaces. 

The rationale for some of the more critical design decisions made on the NEXCOM architectures and functional allocations shown in Tables 4-1 and 4-2 is briefly discussed in the following paragraphs.

B.2 Decision Rationale

B.2.1 Programmable Multimode Digital Radio

A multimode digital radio, which is selectable as a standalone 25 kHz DSB-AM radio or, in conjunction with the RIU, as a VDL Mode 3 radio, is preferred over single mode VDL Mode 3 radios.  The NEXCOM PT selected the multimode radio over the single mode radio because the multimode radio offers advantages from a transition point of view.  It allows the RIU and MDRs to be installed and operated in DSB-AM mode, while user equipage takes place.  When the sector is ready for cutover to digital voice, it allows a quick and smooth transition by switching the radio from the DSB-AM mode to VDL Mode 3.  Specifically, no equipment installation and re-cabling are required and minimum or no impact on the system operations is anticipated during the transition to digital voice.  The MDR approach also has the added advantage that the same radio can be used to sustain the current infrastructure.

B.2.2 Separated RIU and MDR for VDL Mode 3

The implementation of the ground side of VDL Mode 3 in separate RIU and MDR boxes is chosen over the integrated single box approach because of the flexibility the former approach provides in terms of accommodating the wide variations of the legacy radio equipment configurations existing in the remote sites.  The separate RIU and MDR implementation is also more cost effective for the sustainment program because the procurement of the MDR alone without the RIU is sufficient to sustain the current infrastructure.

B.2.3 Integrated Transceiver for the MDR

The current NAS infrastructure for the radio sites includes transceivers and separate transmitters and receivers, although the transceivers are being phased out.  To fit the NSOS within the existing NAS infrastructure with minimum disturbance to the radio site configurations, the MDRs must operate as transceivers, transmitters, and receivers.  The NEXCOM PT is currently leaning toward an integrated transceiver implementation that can be programmed to function as a transceiver, transmitter, or receiver.  This simplifies logistics support, development, production, and possibly overall equipment cost, while still being able to support legacy requirements for separated transmitters and receivers to reduce co-site constraints in dense radio environments, such as airport surfaces.  The NEXCOM PT has not ruled out the option to procure separate transceivers, transmitters, and receivers pending further study.

B.2.4 Variable Power Output Transmitter

To provide adequate coverage and flexibility in large sectors, higher power output beyond what is available with the normal DSB-AM transmitter is required.  This higher transmitter power output capability is currently provided with a separate 50-watt linear power amplifier (LPA).  For NEXCOM, the separate LPA approach could also be used to meet the same objective.  The NEXCOM PT prefers the use of a built-in variable output power amplifier in the MDR over the external fixed power output LPA.  The rationale for this choice is due to the flexibility in transition the variable output power amplifier may provide in allowing the power output to be varied as a parameter in NEXCOM spectrum planning and site coordination.
B.2.5 Functional Allocations between RIU and MDR

There are numerous ways of allocating the VDL Mode 3 functionality between the MDR and RIU. The NEXCOM PT prefers the approach of placing, as much as practical, the Link Layer functionality in the RIU and the physical layer functionality in the MDR.  The physical layer of VDL Mode 3 and other radio functions should be placed in the MDR to share some of the common radio hardware with the other modulation mode(s) of the radio to simplify the MDR design.  Placement of the Link Layer in a single box in the RIU improves protocol efficiency.  The Link Management Entity (LME) sublayer and the Media Access Control (MAC) sublayer need to be tightly integrated to improve the overall link management efficiency of the system.  The Data Link Sublayer (DLS) and MAC need to be tightly coupled in order to process priority queuing, reservation assignment, data transmission, and acknowledgment efficiently.  This is best accomplished by implementing the LME, DLS, and MAC functions inside the RIU box.  Note that some of the LME and DLS functions are planned to be with the GNI back at the control site in future segments of NEXCOM.

B.2.6 Synchronization Sequence Decoding

The NEXCOM PT has decided to place the synchronization sequence decoding function in the MDR because the synchronization sequence detection is part of the VDL Mode 3 demodulation process and must be integrated with the demodulation function in the MDR.  The synchronization sequence generation function is also placed in the MDR to provide the ability of the output of the receiver being able to drive a transmitter directly and vice versa to support testing.

B.2.7 Golay Codec Placement

The NEXCOM PT has decided to place the Golay codec in the MDR because the receiver needs to decode the voice/data (V/D) data burst header in order for the receiver to be able to enforce the squelch window.  Furthermore, placing the Golay codec in the MDR also reduces the overhead of the management traffic by 50% at the expense of requiring a reliable link between the RIU and MDR interface.
B.2.8 Vocoder Placement

The NEXCOM PT has decided to place the vocoder functions in the RIU in Segment One and place additional vocoders with the control site beyond Segment One.  The vocoder will be placed in the RIU to support digital voice operation during Segment One.  Placing the vocoder in the RIU rather than the MDR allows for a simpler radio to be used for the sustainment program.  It also allows the MAC sublayer to be separated from the MDR for a simpler MDR and provides integration of MAC with Link Layer in the RIU to improve protocol efficiency.  One plan for future development of the NEXCOM system beyond Segment One calls for a new vocoder to be placed in the GNI to encode all voice traffic to achieve bandwidth savings between the control and remote sites.  At that time, the vocoder inside the RIU, which provides the MDR with digital voice in Segment One, will no longer be required for VHF.  However, these same vocoders in the RIU can be used to convert the vocoded voice back to analog voice for the UHF uplink transmission and to encode the analog voice of the UHF downlink to digital voice to reduce bandwidth requirement on the telco line.
B.2.9 RIU Redundancy

Based on the Reliability, Maintainability, and Availability analysis in Appendix E of this document, no redundancy is required for the RIU to meet the ECOM service availability requirement of 0.99999 in Segment One.
B.2.10 Single Channel RIU

The NEXCOM Product Team has selected a single channel RIU (one RIU per 25 kHz channel) over a multi-channel RIU (multiple 25 kHz channels per RIU) as the building block for the NSOS.  A single channel RIU would simplify site switching between the RCAG and BUEC site upon RIU failure, which involves only the BUEC site where the backup RIU is residing.  A multi-channel RIU would likely involve a more complex switching scheme involving multiple sites when RIU fails, unless the primary site multi-channel RIU has only a single backup RIU in the BUEC site.  Furthermore, placing more frequencies on the same RIU will increase the complexity of the RIU and hence the reliability of the unit, which may force the use of main/standby RIUs to satisfy the service availability requirement, which may further complicate the system configuration and system operations.  Also, Air Traffic has only approved the bundling of two operational sectors onto a common radio.

B.2.11 RMMC and LMMC

The NEXCOM PT has decided to provide a Local Maintenance, Monitor and Control (LMMC) interface and a RMMC interface for the NSOS subsystems.  The RMMC interface will provide the capability for monitoring and control of the RIU and MDR remotely from the control site.  The LMMC interfaces would allow service and maintenance personnel to monitor, configure, and control the MDR and RIU locally with a NEXCOM MDT.  It is recognized that in Segment One, the bandwidth is restricted between the control and remote sites, so remote maintenance and monitoring functions may have to be limited.

B.2.12 Timing Synchronization

The NEXCOM PT has decided to require the ground station to synchronize to a common external timing source.  Since the FAA is operating with multiple ground radio and multiple sites, timing synchronization among the radio sites operating with the same channel frequency is required to avoid burst overlap.  Synchronization of the individual ground stations to a common external timing source would facilitate the synchronization of all VDL Mode 3 radio stations among the NAS to satisfy potential future system requirements, which involve multiple ground stations in diversity site groups.  Synchronization among all ground stations within NAS also eases potential problems associated with handoffs of the avionics, as its timing will stay relatively consistent during its flight throughout the continental U.S.

B.2.13 Stepped Implementation For Segment One Transition

The rationale for dividing the Segment One implementation into two steps is to minimize the impact to the existing analog voice operation and to provide a smooth transition to digital voice.  It also allows the fielding of infrastructure to be separated from the operational transition to digital voice.

B.2.14 Timing for Switching UHF Radios from RCE to RIU

Switching of the UHF radio to operate off the RIU rather than the RCE can be either implemented in Segment One/Step One or at the transition to Segment Two/Full GNI when RCE is being decommissioned.  The NEXCOM PT has decided to continue to operate the UHF radios off the RCE and wait until Segment Two to switch the UHF radios to interface with the RIU directly.  The rationale for not switching the UHF radios from the RCE to RIU in Segment One is to avoid disturbance to the UHF operations by maintaining the existing RCE-UHF radio interfaces and not to impose additional interface requirement on the RIU to interface with the UHF radios directly.

APPENDIX C  Future Requirements

C.1 Introduction

The following future requirements are provided to disclose those areas that the NEXCOM system is planned to accommodate in the later segments and which will be incorporated in the RIU and GNI subsystems.  These requirements are not a direct requirement of the approved Segment One system, however, the approved Segment One system will have to be capable of performing these requirements in the future.  Section 4.2.1.3 contains requirements intended to provide sufficient overhead capacity to meet these and other as yet unforeseen requirements.

C.1.1 Requirements Document

When the NEXCOM Segment One RD is updated for future Segments of the program, these requirements are expected to be refined and added to section 4 of this document.  Each of these requirements, or any other new requirements developed during updates of this document, will need to be assessed before product development for human factors implications by Air Traffic using the Human Factors Checklist for the Design and Evaluation of Air Traffic Control Systems (DOT/FAA/RD-95/3.1).

C.1.1.1 Data Communications

The NEXCOM System shall provide a subnetwork for addressed and broadcast data communications between ground and airborne systems.

C.1.1.2 Data Communications Services 

The NEXCOM System shall meet the characteristics necessary for an ADL subnetwork to provide ATN compliant Controller Pilot Data Link Communications (CPDLC) and Flight Information Services (FIS) Air Traffic Services Data Link Communications as defined in the ICAO ATN SARPs, Sub-Volume 2, and further delineated in the CPDLC Requirements Document. (xx/xx/98)

C.1.1.3 Data Communications Performance Level

The NEXCOM System shall meet the performance levels for CPDLC as specified in the CPDLC Requirements Document.

C.1.1.4 Additional Data Capacity

Additional data capacity should be provided to support applications such as Decision Support Services and FIS.

C.1.1.5 Simultaneous Access to Voice and Data Communications 

The NEXCOM System shall provide functionally simultaneous access to voice and data communications between a controller and his associated talk group.

Note:  This requirement dictates that voice and data communications must coexist while meeting other voice and data quality of service parameters specified in this document.  Specifically, this requirement includes the capability for a controller to maintain voice and data dialogues with multiple pilots and for an aircraft to receive ATIS messages or other services, while also supporting voice and data communications with the controller. 

C.1.1.6 ATN Compatibility

a) The NEXCOM System shall be capable of interoperating with Aeronautical Telecommunications Network (ATN) based ground applications.

b) The NEXCOM System shall be capable of interoperating with ATN based airborne applications.

c) The NEXCOM System shall support both 8208 and Connection-less Network Protocol (CLNP) connections to the ATN.

C.1.1.7 Automatic Failure Detection and Fault Isolation

The NEXCOM System shall notify the controller of the status of the NEXCOM Communications Subsystem.

Note:  Currently, the controller has no indication of system failure.  Failures are detected when a controller attempts to contact an aircraft and is unsuccessful, after trying all means.  This requirement is intended to increase system availability by lessening the time to detect system malfunctions.  It is also expected to lessen the controller’s workload.

C.1.1.8 Channel Contention

The NEXCOM System shall minimize the effects of simultaneous transmissions on a single A/G communications channel by allowing channel access, for transmission proposes, to only one system user at a time.

C.1.1.9 Queuing Prioritization

In those situations where the channel contention capability denies access to one or more aircraft, the NEXCOM System shall display to ATS a list of those aircraft in the order they are received by the system.

Note:  The information provided through this requirement would enable the controller to plan his or her transmissions more efficiently, and will facilitate an orderly flow of communications.

C.1.1.10 Queuing of Urgency Calls

The NEXCOM System shall provide an expedited identification of urgent communications requests from the pilot to the controller.

Note:  The intent of this requirement is to ensure that ability for users to communicate an urgent situation without delay is not precluded because of increased automation of the system.  This is accomplished today by the use of the aircraft’s transponder to squawk an emergency code, so this requirement may be eliminated after human factors assessment.

C.1.1.11 Automatic Transfer of Communication

The NEXCOM Ground End Subsystem shall provide the capability to automatically upload to an Airborne End Subsystem a predefined channel assignment.

Note:  This requirement is seen to have potential in certain applications.  It may be used to support the dynamic uses of airspace without increasing controller’s workload.  It may be used to relieve controllers’ workloads as part of a new operational concept in certain areas of the NAS.  It may be used to relieve the controller’s workload and ensure appropriate frequency channel assignment in those sectors where more than one frequency is required for area coverage.

C.1.1.12 Portable Emergency Communications

The NEXCOM System shall provide portable communication devices at selected ATS tower facilities for use during evacuation of those operating ATS facilities.

Note:  In the event of an ATC tower evacuation, the tower controller carries the portable emergency transceiver out of the tower and coordinates control instructions to aircraft on the tower frequency.  This equipment should have adequate range and service cycle to allow ATS services to be restored or transferred, and air traffic to be diverted. 

C.1.1.13 Audit Capability

The NEXCOM System shall provide an audit capability to record security related events.

C.1.1.14 Information Security

The NEXCOM System shall include security requirements to ensure appropriate integrity, availability and confidentiality.  This includes the capability to authenticate the origin of all voice and data communications, and to authenticate individual safety critical clearance messages (e.g. through the use of hashing algorithms).  Definition, development, and testing of these requirements will be maintained throughout the system life cycle and incorporated into a security risk management program.

Note: In the existing AM system the impact of an intentional denial-of-service event is restricted to a small operational area, such as one or a few sectors.  Without degrading the level of safety afforded by the existing system, the following shall be design considerations:  Detect a denial-of-service action; Restrict the operational impact of a denial-of-service action to a localized area; Provide service restoration using back-up options within a given time frame while the conditions that caused the denial-of-service persist.

C.1.2 GNI Functionality

The GNI functionality presented in Table C-1 is being proposed based upon the information presently known.  It is to be considered a preliminary “straw man” for discussion and refinement of the functionality as it develops as well as to provide guidance for NSOS interface development.  

Table C-1: Proposed GNI Functionality

Configuration

· One GNI system per ARTCC, ATCS/TRACON, or AFSS

· GNI redundancy TBD

· GNIp interfaces directly with ATN routers

· GNIs interfaces with ATN routers through GNIp

· Supports all VDL Mode 3 system configurations

ATN Interface

· Direct GNIp to A/G ATN router interface

· GNIs interfaces to A/G ATN router through GNIs

· NAS LAN Interface

· GNIp interfaces to NAS LAN through firewall

Voice Switch Interface

· Analog & 64 kbps PCM voice

· Remote/BUEC site control signaling

· Voice switch types (VSCS, ETVS, ICSS, RDVS,STVS, Tone Control)

Remote/BUEC site selection

Radio Main/Standby selection/confirmation

Vocoders

· 4 per 25 kHz channel

Multiplexing

Telco Interface

· Primary/Secondary

· Analog/Digital

RMMC Interface

· Local MMC(RIU control/monitoring, Radio control/monitoring, Remote/BUEC site selection, Radio M/S selection, Antenna selection)

· System Configuration Management (Remote/BUEC system configuration)

Control Security

· Authentication

NIMS Interface

· Remote MMC

· Through NAS LAN

· Protocols (TBD)

Subnetwork Management

· Join/Leave event generation/processing

· Subnetwork routing

· Handoff processing (MbB)

· Data queuing

Subnetwork Layer Function

· Compression (XPLP, CLNP)

DLS Sublayer Function

· DLS frame formatting

LME Function

· XID processing (Link Parameter Modification/Negotiation)

· Link redirection

· Handoff processing (MbB)

VEARS Interface (ARTCC only) – Should be replaced by VTABS with DSR implementation.

VTABS Interface (ARTCC only) – Electrically the same as VSCS for primary communications path.

C.1.3 RIU Expanded Functionality

The RIU will replace and subsume all current functions of the remote RCE unit.

APPENDIX D  Requirements Traceability Matrix

The traceability matrix in Table D-1 shows the source document or organization for the requirements contained in this SRD.

Table D-1  Requirements Traceability Matrix(SRD Requirements Sources

[TBD]
APPENDIX E  NEXCOM Segment One Reliability, Maintainability, and Availability (RMA) Analysis

E.1 Background

This appendix provides the reliability/maintainability/availability analysis primarily for the NSOS, the NEXCOM RCAG and ECOM Service, as these items have availability/reliability requirements levied upon them in the RD.  To provide perspective on the requirements, an RMA analysis is also provided for the primary connectivity of the NEXCOM A/G Communications System, also called the NEXCOM Primary String.  Definitions of these systems and subsystems are provided in the next section.

E.2 Definitions

The NEXCOM subsystems that will be installed at the remote en route radio facility during segment one include the RIU subsystem and the MDR subsystem.

The NSOS is shown in Figure E-1 and includes the main and standby VDL Mode 3 MDRs, the RIU, and the components of the synchronization system that will reside at the remote en route radio site facility during Segment One.  Assuming GPS is used for synchronization, the synchronization system components would include the GPS receiver and antenna.  The equipment at the RCAG is shown in Figure E-2 and includes main and standby (M/S) radio transceivers (T/Rs), VHF antennas, radio control equipment (RCE), radio interface unit (RIU), prime and standby power, and the synchronization system equipment.  For this analysis it is assumed that GPS is used as the synchronization system.  The GPS receiver and the GPS antenna are included as part of the synchronization system equipment.  
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Figure E-1.  NEXCOM Segment One System
Note that for this analysis, the worst case assumption is made that the full functionality of RCE is assumed to be used in series with the full functionality of the RIU in segment one.  For Segment One, Step One, the full functionality of the RCE is used, but not all of the functionality of the RIU will be used.  Thus, there will be some failure modes of the RIU that will not contribute to a loss of ECOM Service in Segment One, Step One.  In Segment One, Step Two, more of the functionality of the RIU will be used (e.g., vocoders).  In Segment Two, Step Two, the RCE will be decommissioned and the full functionality of the RIU will be activated.  Thus, analysis results are also provided to show reliability results for the RCAG in Segment Two, Step Two.
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Figure E-2.  NEXCOM RCAG

Definitions for the NEXCOM System, A/G Communications System, and En Route Communications (ECOM) Service, are provided in the main body of this document, and are illustrated in Figures E-3, E-4 and E-5, respectively. 

Note that the RF link and the avionics are not considered in this analysis for ECOM Service.
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Figure E-3.  Primary Connectivity of the NEXCOM A/G Communications System – Segment One 
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Figure E-4.  A/G Communications System
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Figure E-5.  ECOM Service

E.3 Reliability/Availability Requirements

Reliability requirements in terms of MTBF have been provided for the RCAG and the ground radio transceivers.  Availability requirements have also been provided for the NSOS and for ECOM Service.  For all equipment at the remote site an inherent MTTR requirement of 0.5 hrs has been specified.  Table E-1 shows the requirements specified and those derived from the specified requirements.  ECOM Service availability, not shown in Table E-1, is specified to be 0.99999.

Table E-1   RD Requirements


MTBF (hrs)
Availability

RCAG
> 19,996*
> 0.999975**

NSOS
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 19,996**
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 0.999975*

Radio Unit (Transceiver)
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 26,280*
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 0.999980974**

  *Requirement from RD

**Derived using inherent MTTR of 0.5 hrs.

E.4 Derivation of Relevant MTBFs and Availabilities for NEXCOM

Table E-2 shows the data used to derive the NSOS MTBF, RCAG MTBF, and ECOM Service Availability and MTBF.  The values that were parametrized for the analysis are the radio unit MTBF and the RIU MTBF.  The other MTBF values are predicted values, generic values, or values estimated from FAA field data.

Table E-2.  MTBF (hrs) Data Used for Analysis


MTBF (hrs)

Single Transceiver (7)
parameter

GPS Antenna (1)
150,150.2

Prime Power (2)
81,276

Prime with Standby Power (6)
162,552

RIU
parameter

RCE-Control (4)
30,000

RCE-Remote (4)
30,000

GPS Receiver (3)
200,000

VHF Antenna (1)
150,150.2

Leased Line (5)
2,997

VSCS (8)
99,998

VTABS (8)
6,664.7

Notes:

1. Generic value from Reliability Handbook [1]

2. Assumed to be half the parallel combination of prime and standby

3. Hewlett Packard Model 58503B

4. per remote or control – 10,000 specified (RCE control + remote + cabling) -- control site (no cabling) 17,176, remote site (no cabling) 29,281  S. California TRACON computes 35,000 to 40,000 hrs from field data (Obtained from Dieter Thigpen of FAA)
5. Estimated from MCI data which shows that leased line (EUL-A to EUL-B) has approximately 0.999 availability and 3 hr repair

6. Obtained from NASPAS data

7. SRD requirement – specified as 26,280 hrs, but parametrized for this analysis

8. Predicted

Table E-3 shows the MTBF results for the NEXCOM RCAG and NSOS.  For a single RIU, NSOS meets the requirement that the inherent availability exceeds 0.999975 (i.e., MTBF exceeding 19,996 and 0.5 MTTR).  

Table E-3 also shows that NEXCOM RCAG cannot meet the requirement that its MTBF meet or exceed 19,996 hrs for either a single or redundant RIU.  Table E-3 also demonstrates that the limiting MTBF for the RCAG is 19,551 hrs regardless of the RIU MTBF or configuration.  Thus, even if the RIU were removed, the maximum MTBF that the RCAG would obtain would be 19,551 hrs.  The limiting factor is the RCE, which is assumed to have an MTBF of only 30,000 hrs.  

Table E-3.  NSOS and NEXCOM RCAG MTBFs

(Based on Inherent MTTR of 0.5 hrs)
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In Segment Two, Step Two, the RCE will be removed and the full functionality of the RIU will be used.  Table E-4 shows that with an RIU MTBF of 31,062 hrs, the RCAG of Segment Two, Step Two, with a single RIU, will meet the MTBF requirement of 19,996 hrs.

For the current system, regardless of whether the ITT radios or the Motorola radios are considered, the RCAG has an MTBF of just over 25,000 hrs.  If the GPS receiver and antenna were not included in the MTBF results for the NEXCOM RCAG, then with an RIU MTBF of 31,062 hrs, the NEXCOM RCAG would also achieve an MTBF greater than 25,000 hrs.

Table E-4.  NEXCOM RCAG (Without RCE) MTBFs

(Based on Inherent MTTR of 0.5 hrs)
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Table E-5 shows the resultant MTBF of the primary connectivity (or the primary string) of the NEXCOM A/G Communications System.  Table E-5 also shows the number of primary string failures per year would result.  This is also the number of times per year that the backup system (e.g., today’s BUEC) would have to be accessed.  Table E-6 shows the corresponding primary string availabilities.  

Tables E-5 through E-7 show the MTTR adjusted for estimated travel time.

Table E-5.  MTBF for Primary Connectivity of NEXCOM A/G Communications System (Based on 4 hrs MTTR for Remote Site Equipment, 2 hrs for Control Site Equipment)
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Table E-6.  Availability for Primary Connectivity of NEXCOM A/G Communications System  (Based on 4 hrs MTTR for Remote Site Equipment, 2 hrs for Control Site Equipment)
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Table E-7 shows the Mean Time Between (Corrective) Maintenance Actions (MTBMA) and the corresponding number of corrective maintenance actions that would be required per year for the RCAG. There are currently approximately 3 circuits per RCAG site.  For the 2V2D configuration of VDL Mode 3, 2 pairs of M/S MDRs would be required to support 3 circuits.  Thus Table 7 shows the results for a single pair of M/S MDRs and for two pairs of M/S MDRs.  As there are approximately 700+ RCAG sites, the numbers in the Corrective Maintenance per Year columns in Table E-7 can be multipled by 700 to determine the NAS-wide number of corrective maintenance actions required per year.  The results in Table E-7 assume that maintenance personnel are sent to the radio site whenever any item fails regardless of whether there is a standby unit.

Table E-7.  Corrective Maintenance for NEXCOM RCAG

(Based on 4 hrs MTTR for Remote Site Equipment, 2 hrs for Control Site Equipment)
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The bottom line is that whether the MTBF of the RIU is 26,280 hrs or 100,000 hrs does not seem to matter much when the all the components of the primary string are taken into consideration.

The last requirement addressed in this appendix is the requirement that ECOM Service availability equal or exceed 0.99999.  Even under the worst case assumption regarding the RCE and RIU, Table E-8 shows that the 0.99999 ECOM Service availability requirement is exceeded.

Table E-8.  ECOM Service MTBF and Availability

(Based on 4 hrs MTTR for Remote Site Equipment, 2 hrs for Control Site Equipment)
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E.5 Conclusions

The requirements for NSOS and ECOM Service are met with a T/R MTBF of 26,280 hrs and an RIU MTBF of 26, 280 hrs.  However, the requirements for the NEXCOM RCAG are not met in Segment One, Step Two, but are most likely met in Segment One, Step One, and in the other segments with a T/R MTBF of 26,280 hrs and an RIU MTBF of approximately 31,000 hrs. 
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								NEXCOM Segment One System				NEXCOM RCAG																																		RCAG

				T/R MTBF (hrs)		RIU MTBF (hrs)		MTBF (hrs)				MTBF (hrs)																				ECOM Service*														Without RCE

				26,280		26,280		20,115				11,211																T/R MTBF (hrs)		RIU MTBF (hrs)		Availability		MTBF (yrs)								T/R MTBF (hrs)		RIU MTBF (hrs)		MTBF (hrs)

				26,280		40,000		27,277				13,132																26,280		26,280		0.99999768		78								26,280		26,280		17,900

				40,000		40,000		27,277				13,133																26,280		40,000		0.999997832		83								26,280		31,060		19,996

				40,000		100,000		46,167				16,354																40,000		40,000		0.999997908		86								26,280		40,000		23,357

																												40,000		100,000		0.999998078		92								40,000		40,000		23,357

																												*RF link and avionics not included														40,000		100,000		35,955

																				NEXCOM Primary Connectivity				Number of Total												Current System

																								Due to Leased												Radio MTBF (hrs)		RCAG MTBF (hrs)

																T/R MTBF (hrs)		RIU MTBF (hrs)		MTBF (hrs)		Total Failures per Year		Line Failures										Motorola Radio		500,000		25,326*

																26,280		26,280		2,216		3		2										ITT Radio		11,000		25,314**

																26,280		40,000		2,282		3		2

																40,000		40,000		2,282		3		2										*GPS receiver and antenna would reduce this to 19,552 hrs

																40,000		100,000		2,363		3		2										**GPS receiver and antenna would reduce this to 19,545 hrs

																				NEXCOM RCAG

																				Single Pair M/S MDRs				Two Pairs M/S MDRs

																T/R MTBF (hrs)		RIU MTBF (hrs)		MTBMA* (hrs)		Corrective Maint. per Year		MTBMA (hrs)		Corrective Maint. per Year

																26,280		26,280		5,238		1		2,597		3

																26,280		40,000		5,622		1		2,786		3

																40,000		40,000		6,589		1		3,260		2

																40,000		100,000		7,312		1		3,613		2				10000		0.0001		0.0000923726		10825.7196116839

																*Mean Time Between (Corrective) Maintenance Actions

																				NEXCOM RCAG (Two Pairs M/S MDRs)								262212.970565313		131106.485282657		0.0000076274

																T/R MTBF (hrs)		RIU MTBF (hrs)		MTBF (hrs)		Corrective Maint. per Year

																26,280		26,280		2,597		3

																26,280		40,000		2,786		3

																40,000		40,000		3,260		2

																40,000		100,000		3,613		2

																*Mean Time Between (Corrective) Maintenance Actions

																				NEXCOM Primary Connectivity

																T/R MTBF (hrs)		RIU MTBF (hrs)		Availability

																26,280		26,280		0.99858

																26,280		40,000		0.99863

																40,000		40,000		0.99863

																40,000		100,000		0.99869
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								NEXCOM Segment One System				NEXCOM RCAG																				ECOM Service*														RCAG

				T/R MTBF (hrs)		RIU MTBF (hrs)		MTBF (hrs)				MTBF (hrs)																Availability				MTBF (yrs)														Without RCE

				26,280		26,280		20,115				11,211												T/R MTBF (hrs)		RIU MTBF (hrs)		Single RIU		Redundant RIU		Single RIU		Redundant RIU								T/R MTBF (hrs)		RIU MTBF (hrs)		MTBF (hrs)

				26,280		40,000		27,277				13,132												26,280		26,280		0.99999768		0.99999812		78		94								26,280		26,280		17,900

				40,000		40,000		27,277				13,133												26,280		40,000		0.999997832		0.99999812		83		94								26,280		31,062		19,996

				40,000		99,994		46,167				16,354												40,000		40,000		0.999997908		0.999998187		86		97								26,280		40,000		23,357

																												40,000		100,000		0.999998078		0.999998187		92		97				40,000		40,000		23,357

																												*RF link and avionics not included														40,000		100,000		35,955

																				NEXCOM Primary Connectivity								Number of Total								Current System

																				MTBF (hrs)				Total Failures per Year				Due to Leased								Radio MTBF (hrs)		RCAG MTBF (hrs)

																T/R MTBF (hrs)		RIU MTBF (hrs)		Single RIU		Redundant RIU		Single RIU		Redundant RIU		Line Failures						Motorola Radio		500,000		25,326*

																26,280		26,280		2,216		2,420		3		3		2						ITT Radio		11,000		25,314**

																26,280		40,000		2,282		2,420		3		3		2

																40,000		40,000		2,282		2,420		3		3		2						*GPS receiver and antenna would reduce this to 19,552 hrs

																40,000		100,000		2,363		2,420		3		3		2						**GPS receiver and antenna would reduce this to 19,545 hrs

																				NEXCOM RCAG

																				MTBF (hrs)				Corrective Maint. per Year

																T/R MTBF (hrs)		RIU MTBF (hrs)		Single RIU		Redundant RIU		Single RIU		Redundant RIU

																26,280		26,280		5,238		4,367		1.00		2.00

																26,280		40,000		5,622		4,929		1.00		1.00

																40,000		40,000		6,589		5,657		1.00		1.00

																40,000		100,000		7,312		6,813		1.00		1.00				10000		0.0001		0.0000923726		10825.7196116839

																												262212.970565313		131106.485282657		0.0000076274

																				NEXCOM Primary Connectivity

																				Availability

																T/R MTBF (hrs)		RIU MTBF (hrs)		Single RIU		Redundant RIU

																26,280		26,280		0.99858		0.99873

																26,280		40,000		0.99863		0.99873

																40,000		40,000		0.99863		0.99873

																40,000		100,000		0.99869		0.99873
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		T/R MTBF (hrs)		RIU MTBF (hrs)		NEXCOM Segment One System MTBF (hrs)		NEXCOM RCAG MTBF (hrs)

		26,280		26,280		20,115		11,211
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								NEXCOM Segment One System				NEXCOM RCAG																																		RCAG

				T/R MTBF (hrs)		RIU MTBF (hrs)		MTBF (hrs)				MTBF (hrs)																				ECOM Service*														Without RCE

				26,280		26,280		20,115				11,211																T/R MTBF (hrs)		RIU MTBF (hrs)		Availability		MTBF (yrs)								T/R MTBF (hrs)		RIU MTBF (hrs)		MTBF (hrs)

				26,280		40,000		27,277				13,132																26,280		26,280		0.99999768		78								26,280		26,280		17,900

				40,000		40,000		27,277				13,133																26,280		40,000		0.999997832		83								26,280		31,060		19,996

				40,000		99,994		46,167				16,354																40,000		40,000		0.999997908		86								26,280		40,000		23,357

																												40,000		100,000		0.999998078		92								40,000		40,000		23,357

																												*RF link and avionics not included														40,000		100,000		35,955

																				NEXCOM Primary Connectivity				Number of Total												Current System

																								Due to Leased												Radio MTBF (hrs)		RCAG MTBF (hrs)

																T/R MTBF (hrs)		RIU MTBF (hrs)		MTBF (hrs)		Total Failures per Year		Line Failures										Motorola Radio		500,000		25,326*

																26,280		26,280		2,216		3		2										ITT Radio		11,000		25,314**

																26,280		40,000		2,282		3		2

																40,000		40,000		2,282		3		2										*GPS receiver and antenna would reduce this to 19,552 hrs

																40,000		100,000		2,363		3		2										**GPS receiver and antenna would reduce this to 19,545 hrs

																				NEXCOM RCAG

																				Single Pair M/S MDRs				Two pairs M/S MDRs

																T/R MTBF (hrs)		RIU MTBF (hrs)		MTBF (hrs)		Corrective Maint. per Year		MTBF (hrs)		Corrective Maint. per Year

																26,280		26,280		5,238		1		2,597		3

																26,280		40,000		5,622		1		2,786		3

																40,000		40,000		6,589		1		3,260		2

																40,000		100,000		7,312		1		3,613		2				10000		0.0001		0.0000923726		10825.7196116839

																				NEXCOM RCAG (Two Pairs M/S MDRs)								262212.970565313		131106.485282657		0.0000076274

																T/R MTBF (hrs)		RIU MTBF (hrs)		MTBF (hrs)		Corrective Maint. per Year

																26,280		26,280		2,597		3

																26,280		40,000		2,786		3

																40,000		40,000		3,260		2

																40,000		100,000		3,613		2

																				NEXCOM Primary Connectivity

																				Availability

																T/R MTBF (hrs)		RIU MTBF (hrs)		Single RIU		Redundant RIU

																26,280		26,280		0.99858		0.99873

																26,280		40,000		0.99863		0.99873

																40,000		40,000		0.99863		0.99873

																40,000		100,000		0.99869		0.99873
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								NEXCOM Segment One System				NEXCOM RCAG																																		RCAG

				T/R MTBF (hrs)		RIU MTBF (hrs)		MTBF (hrs)				MTBF (hrs)																				ECOM Service*														Without RCE

				26,280		26,280		20,115				11,211																T/R MTBF (hrs)		RIU MTBF (hrs)		Availability		MTBF (yrs)								T/R MTBF (hrs)		RIU MTBF (hrs)		MTBF (hrs)

				26,280		40,000		27,277				13,132																26,280		26,280		0.99999768		78								26,280		26,280		17,900

				40,000		40,000		27,277				13,133																26,280		40,000		0.999997832		83								26,280		31,060		19,996

				40,000		99,994		46,167				16,354																40,000		40,000		0.999997908		86								26,280		40,000		23,357

																												40,000		100,000		0.999998078		92								40,000		40,000		23,357

																												*RF link and avionics not included														40,000		100,000		35,955

																				NEXCOM Primary Connectivity				Number of Total												Current System

																								Due to Leased												Radio MTBF (hrs)		RCAG MTBF (hrs)

																T/R MTBF (hrs)		RIU MTBF (hrs)		MTBF (hrs)		Total Failures per Year		Line Failures										Motorola Radio		500,000		25,326*

																26,280		26,280		2,216		3		2										ITT Radio		11,000		25,314**

																26,280		40,000		2,282		3		2

																40,000		40,000		2,282		3		2										*GPS receiver and antenna would reduce this to 19,552 hrs

																40,000		100,000		2,363		3		2										**GPS receiver and antenna would reduce this to 19,545 hrs

																				NEXCOM RCAG

																				Single Pair M/S MDRs				Two pairs M/S MDRs

																T/R MTBF (hrs)		RIU MTBF (hrs)		MTBF (hrs)		Corrective Maint. per Year		MTBF (hrs)		Corrective Maint. per Year

																26,280		26,280		5,238		1		2,597		3

																26,280		40,000		5,622		1		2,786		3

																40,000		40,000		6,589		1		3,260		2

																40,000		100,000		7,312		1		3,613		2				10000		0.0001		0.0000923726		10825.7196116839

																				NEXCOM RCAG (Two Pairs M/S MDRs)								262212.970565313		131106.485282657		0.0000076274

																T/R MTBF (hrs)		RIU MTBF (hrs)		MTBF (hrs)		Corrective Maint. per Year

																26,280		26,280		2,597		3

																26,280		40,000		2,786		3

																40,000		40,000		3,260		2

																40,000		100,000		3,613		2

																				NEXCOM Primary Connectivity

																T/R MTBF (hrs)		RIU MTBF (hrs)		Availability

																26,280		26,280		0.99858

																26,280		40,000		0.99863

																40,000		40,000		0.99863

																40,000		100,000		0.99869
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								NEXCOM Segment One System				NEXCOM RCAG																																		RCAG

				T/R MTBF (hrs)		RIU MTBF (hrs)		MTBF (hrs)				MTBF (hrs)																				ECOM Service*														Without RCE

				26,280		26,280		20,115				11,211																T/R MTBF (hrs)		RIU MTBF (hrs)		Availability		MTBF (yrs)								T/R MTBF (hrs)		RIU MTBF (hrs)		MTBF (hrs)

				26,280		40,000		27,277				13,132																26,280		26,280		0.99999768		78								26,280		26,280		17,900

				40,000		40,000		27,277				13,133																26,280		40,000		0.999997832		83								26,280		31,060		19,996

				40,000		99,994		46,167				16,354																40,000		40,000		0.999997908		86								26,280		40,000		23,357

																												40,000		100,000		0.999998078		92								40,000		40,000		23,357

																												*RF link and avionics not included														40,000		100,000		35,955

																				NEXCOM Primary Connectivity								Number of Total								Current System

																				MTBF (hrs)				Total Failures per Year				Due to Leased								Radio MTBF (hrs)		RCAG MTBF (hrs)

																T/R MTBF (hrs)		RIU MTBF (hrs)		Single RIU		Redundant RIU		Single RIU		Redundant RIU		Line Failures						Motorola Radio		500,000		25,326*

																26,280		26,280		2,216		2,420		3		3		2						ITT Radio		11,000		25,314**

																26,280		40,000		2,282		2,420		3		3		2

																40,000		40,000		2,282		2,420		3		3		2						*GPS receiver and antenna would reduce this to 19,552 hrs

																40,000		100,000		2,363		2,420		3		3		2						**GPS receiver and antenna would reduce this to 19,545 hrs

																				NEXCOM RCAG

																				MTBF (hrs)				Corrective Maint. per Year

																T/R MTBF (hrs)		RIU MTBF (hrs)		Single RIU		Redundant RIU		Single RIU		Redundant RIU

																26,280		26,280		5,238		4,367		1.00		2.00

																26,280		40,000		5,622		4,929		1.00		1.00

																40,000		40,000		6,589		5,657		1.00		1.00

																40,000		100,000		7,312		6,813		1.00		1.00				10000		0.0001		0.0000923726		10825.7196116839

																												262212.970565313		131106.485282657		0.0000076274

																				NEXCOM Primary Connectivity

																				Availability

																T/R MTBF (hrs)		RIU MTBF (hrs)		Single RIU		Redundant RIU

																26,280		26,280		0.99858		0.99873

																26,280		40,000		0.99863		0.99873

																40,000		40,000		0.99863		0.99873

																40,000		100,000		0.99869		0.99873





Sheet2

		





Sheet3

		






_987504795.vsd
�

RTR�

RTR�

Runway�

ATCT�

�

�

2 miles (max)�

800 ft (min)�

2 miles (max)�

800 ft (min)�

Field Cable
(48 V Keying)�

Receive Antennas�

Transmit Antennas�

Transmit Antennas�


_987400674.doc


VSCS











Control RCE







Grim (12 VDC) or







Intellect (Contact







Closure)







Control RCE







BUEC Mode







Remote RCE







Remote RCE







BUEC Mode







MDS







VHF TX







VHF RX







UHF TX







UHF RX







VHF TXm







VHF RXm







UHF TXm







UHF RXm







VHF TXs







VHF RXs







UHF TXs







UHF RXs







VHF TXm







VHF RXm







UHF TXm







UHF RXm







VHF TXs







VHF RXs







UHF TXs







UHF RXs







Local







Radio












_987424805.vsd
TX1�

TX2�

TX3�

TX4�

RX1�

RX2�

RX3�

RX4�

Combiner�

Multicoupler�

TX1�

TX2�

TX3�

TX4�

RX1�

RX2�

RX3�

RX4�

Combiner�

Multicoupler�

Main Radios�

Standby Radios�

Main TX Antenna�

Main RX Antenna�

Standby TX Antenna�

Standby RX Antenna�


_987503290.vsd
PTT

Typically +48 V
or Ground Loop�

RX�

Key�

TX�


_987400906.doc






Multiple sites on same frequency in same sector.







F







0







F







0







F







0












_984395361.bin

