Attachment 3


Overview of the A/G Communications System


This overview provides a framework to describe the major components of today’s system and identify the components expected to be utilized as part of the NEXt A/G COMmunications System NEXCOM program which is to replace/upgrade the current A/G system. This overview provides a high-level description and baseline reference for today’s operational system. It is not a detailed design description. Many sub-components and interconnectivities are not highlighted.


Current Ground Network supporting A/G Communications


The current system (Figure 1) provides voice communications using control equipment co-located with the Air Traffic Controllers, remote equipment including push-to-talk radios, and transmission facilities between the control equipment and the remote equipment.  The radios use double-sideband amplitude modulation (DSB-AM) and operates in the 117.975-137 megahertz (MHz) band reserved worldwide for civil aircraft and the 225-400 MHz band for military aircraft. For the VHF band, this provides a total of 760 assignable 25 kHz channels, of which just over 500 are available for Air Traffic Control (ATC) use in the United States. The 500+ channels are reused in different geographical areas if interference with other nearby ground or airborne radios (i.e. co-channel, adjacent channel or co-site interference) is not introduced.  The remaining channels are used for other (non-ATC) aeronautical purposes. The VHF band frequency allocation for air traffic use in the U.S. is shown in Figure 2. In this allocation the Aeronautical Operational Control (AOC) is not available for ATS services in the US. The VOR/ILS band is internationally declared for Navigation purposes and currently does not allow airborne transmissions in that band. Modulation is double-sideband amplitude modulation (DSB-AM).  Transmit power for aircraft is fixed at between 5 to 20 watts depending on specific aircraft.  Most ground transmitters are 10 watts, but ground transmission to large high-altitude sectors is at 50 watts. The radios operate in a simplex “push-to-talk” fashion, with the same frequency used for uplink (controller-to-pilot) and downlink (pilot-to-controller) transmissions.  Each operational domain (en route, terminal, and flight service) has a dedicated, non-interconnected, radio network with limited restoral capabilities. 


As the volume of air traffic has risen, so have the number of frequency assignments (approximately 12,000) for voice channels in the continental United States, including metropolitan areas with high Air/Ground (A/G) communications traffic.  According to the Airway Facilities Office, the A/G radio communication infrastructure includes approximately 46,000 radio units (VHF and ultra high frequency (UHF) transmitters, receivers, and transceivers). 


Figure 3 shows the end-to-end string of the current A/G radio communications system.  The A/G radio system infrastructure provides dedicated air traffic communications capabilities for en route, terminal and flight service operational environments.  The current A/G system has over 2,500 radio sites consisting of remote transmitter/receiver (RTR) facilities, remote center A/G communications facilities (RCAG) and remote communications outlets (RCO) and their associated control facilities.  The A/G communications infrastructure associated with each operational environment is not interconnected, although it may use a common physical radio site for multiple operational domains.  For example, two FAA radio facilities may be close to each other (similar radio frequency (RF) coverage), but belong to different Air Route Traffic Control Centers (ARTCCs).


�


Figure 1.  Current Radio System





To communicate between control facilities and remote radio facilities, the A/G communications system uses a variety of ground transmission systems.  Predominant for non-tower facilities is a leased telecommunications network.  For radio facilities co-located with control facilities (e.g., at airports), FAA-owned cable is used.  Some facilities also utilize microwave or satellite communications systems to ensure sufficient diversity or to reach difficult-to-access sites.  These ground telecommunications facilities terminate at a demarcation interface at both control and remote facilities.  At the control facility, the radio control equipment interfaces the master demarcation frame to access the ground transmission media and a distribution frame to access the voice switch.  At the remote site, the radio control equipment interfaces the demarcation to connect the remote radio equipment with the ground transmission media
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Figure 2  VHF Spectrum allocation





The equipment used for main and standby communications are fix-tuned analog radios.  Because the radios are fixed-tuned (e.g., crystal controlled), the sites usually cannot back each other up even though they both may be able to receive the signal from the same aircraft.  


Many 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 amplitude modulation (AM) transceivers are used for backup emergency communications (BUEC) in en route facilities. Currently BUEC is transitioning to separate transmitters and receivers in a replacement program expected to be completed prior to the year 2002.  An antenna transfer relay is frequently used to switch between the separate transmitters and receivers.  For diversity, main and standby radio equipment are frequently placed on separate antennas.  At many sites diverse antennas are separated for transmit/receive isolation.
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Figure 3.  Current A/G Voice Radio Connectivity


While the current A/G radio system architecture is roughly the same for all operational environments, the specific equipment used in the A/G string can differ between facilities.  Different facility types have different voice switches with each type of switch having a unique interface to the radio control equipment.  There are also many versions of the radio control equipment each with its own interface characteristics.  For instance, at ARTCCs, the Voice Switching and Control System (VSCS) supports three types of radio control equipment.  The Voice Switching and Control Equipment (VSCE) (i.e., ETVS, RDVS, STVS, & ICSS), to be used at terminal facilities, has its own specified A/G interface characteristics.  The new Radio Control Equipment (RCE) emulates the interfaces of two of the most common older radio control equipment (and tone control equipment) models to ease transition to the new RCE.


In ARTCCs, Back-Up Emergency Communications (BUEC) system provides alternate radios at diverse sites to provide recovery from transmission line or (primary) remote site failure.   The VSCS Emergency Alternate Radio System (VEARS) is used to provide direct connectivity to the remote radio in case of failure of the voice switch.  Currently, VEARS does not interface with the BUEC system. VEARS is to being replaced by VSCS Training And Backup Switch (VTABS).


The current FAA A/G communications network 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 Datalink Service (TDLS) using ARINC’s Aircraft Communications Addressing and Reporting System (ACARS) network (a leased service).


Current A/G Communications Services


The FAA’s A/G voice communications system described above is used to provide two basic types of services:


ATC services are primarily to ensure aircraft separation for aircraft flying under instrument flight rules (IFR) and to a more limited extent, visual flight rules (VFR) in certain airspace and at airports.


Flight services are primarily to exchange weather and aeronautical information, to provide support to aircraft flying VFR, and to provide emergency assistance.





ATC separation services are provided by air traffic controllers, each of whom is responsible for a three-dimensional volume of airspace often referred to as a sector.  In general, one partyline circuit is provided for each sector, and it is shared on a Listen Before Push To Talk (LBPTT) basis by the controller and the pilots of all aircraft in the sector.  Over this circuit, the controller gives instructions to pilots to ensure separation and to direct aircraft routing.  In addition to conveying these instructions, situational awareness to pilots is provided via the partyline.  The controller initiates transfer of communications (frequency changes) and separation responsibility from one sector to another as the aircraft approaches the boundary to another sector.  The pilot manually changing the channel selector of the airborne radio and checking in with the new controller effects the transfer of communications.


ATC sectors and the ground facilities that support them are divided into en route and terminal domains.


The en route domain is controlled from 20 Air Route Traffic Control Centers (ARTCCs) within the Continental United States (CONUS), with 2 additional facilities in Alaska and Hawaii.  Collectively, en route contains approximately 870 sectors.  These are divided into high (and super-high) altitude sectors, generally beginning 24,000 feet (super-high at 35,000) above mean sea level (MSL), with low-altitude sectors below.  Figures 4 and 5 are plan views of CONUS high- and low-altitude sectors with ARTCC locations and boundaries.  ARTCC locations are shown as stars and are labeled with their three-letter designator.
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Figure 4.  CONUS High-Altitude En route Sectors With ARTCC Locations
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Figure 5.  CONUS Low-Altitude En route Sectors With ARTCC Locations





The ARTCC locations are supported by about 700� remote communications A/G (RCAG) sites, which allow the placement of radios and antennas close to the sectors they serve.  Some sectors have multiple RCAG sites that provide reception for the controller, but only one of which will be selectively keyed for transmission at a time.  Determination of which RCAG to use is made manually by the controller.  Many RCAG sites serve multiple sectors by having multiple radios on different frequencies, and a few RCAG sites serve more than one ARTCC.  RCAG sites are also collocated with other National Airspace System (NAS) facilities when appropriate.  ARTCC boundaries and the “star” connectivity of RCAG sites to ARTCC facilities are shown in Figure 6.


A “radio” for en route circuits is actually a separate transmitter and receiver rather than a combined transceiver.  To maintain availability, each RCAG-based circuit typically includes two transmitter/receiver pairs (main and hot standby) for each VHF circuit.  To provide communications with military aircraft, most circuits in an RCAG are also connected to UHF radios, with the controller’s voice transmitted on VHF and UHF simultaneously, and with the controller able to listen on both (or select one of) the UHF and VHF channels.  If a circuit through an RCAG becomes unavailable due to hardware failure, service is maintained by using a back-up emergency communications (BUEC) site.  BUEC sites are physically separated from the RCAG sites of the circuits they back up, and the RCAG and BUEC ground lines are routed by different paths as much as possible.  Failure detection and switching to BUEC is performed manually by the air traffic controller.  Failure detection and switching within ground leased lines is automatic and transparent to the FAA. 


The terminal domain is controlled from about 500� airports with ATC towers (ATCTs) and other sites closely associated with them.  The smallest facilities are responsible for separation services within approximately 5 nautical miles (NMI) of the airport, and to an altitude of 3,000 feet above ground level (AGL).  These may support as few as one controller, with one voice circuit plus access to a circuit on the emergency channel.  About 200� of the largest airports also include a terminal radar approach control (TRACON)� facility, which may be responsible for airspace extending 50 NMI and up to 20,000 feet AGL.  These may support up to 25 controllers with voice circuits for each.  Air traffic controller positions and voice circuits for terminal airspace may be specialized to particular phases of flight in addition to or instead of particular volumes of space.  These include take-off, landing, and movement on the airport surface.  Terminal airspace is generally more complex than en route and the required geographic density of voice channels is higher.  The highest voice occupancies usually occur on circuits supporting terminal controller positions. 
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Figure 6.  CONUS ARTCC and RCAG Locations


As an example of the complexity of terminal airspace, Figure 7 shows several of the 25 RADAR control volumes taken from plans� for the Dallas/Ft. Worth (DFW) terminal area.  These have been separated into four sub-groups for ease of viewing.  The volumes shown appear to overlap, but are in fact separated (and intertwined) vertically.  Vertical extent (not shown) is a very small fraction of the extent of the TRACON horizontally.  Surface operations are not shown in Figure 7, but these are smaller and lie beneath the center part of the volumes shown.


Radios and antennas for terminal A/G voice circuits are frequently collocated with the ATCT and TRACON terminal facilities on the airport grounds, but larger facilities are also supported by a total of 1,376� remote transmitter/receiver sites.  Unlike en route, the configuration of VHF radios for terminal voice communications varies.  Nearly all have main/standby pairs�, but only about 50 percent are associated with UHF radios for simultaneous operation with military aircraft.  Also, the main/standby pairs are not collocated (to achieve diversity) even though they are generally on the airport property.


� seq Level3 \r  0 \h �Flight Services


Flight services are provided from approximately 100� flight service station (FSS) and automated FSS (AFSS) facilities.  Flight service specialists at these facilities provide pilot briefings, airport and en route flight advisory services, flight plan handling, search and rescue services, emergency assistance, weather observations, and origination of NOTices to AirMen (NOTAMs)�.  FSSs also provide all en route communications support for aircraft flying VFR and provide location assistance to lost VFR aircraft.  A/G voice communications for flight services include both two-way partyline channels and one-way ground-to-air broadcasts.  The two-way service includes nationwide support for a single shared channel for emergency circuits at 121.5 Mhz.


Some flight service (FS) communications use two single-direction channels on separate frequencies.  The first channel is used for air-to-ground, and may be received by multiple FS facilities that must be addressed by name when the pilot initiates communication.  The addressed FS facility may then respond by voice modulation of a VOR beacon (in the 112 to 118 subband), which the pilot receives over a second radio dedicated to navigation.
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Figure 7.  Example Set of 21 Service Volumes in Terminal Airspace


Many of the radios and antennas for flight service voice communications are collocated with the flight service facility, particularly in the case of smaller FSS sites.  Facilities with large or distant service volumes are supported by remote communications outlet sites, many of which are collocated with remote sites that support en route sectors or terminal airspace.  For FS, these may share the same channel and be selected by the flight specialist based on the relative received strength of the pilot’s transmission.  Approximately 1,700� remote sites are used in supporting flight services.  The network of AFSS/FSS facilities and associated remote sites is shown in Figure 8.
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Figure 8.  Flight Service Facilities and Communications Sites


The Next-Generation Ground Network supporting A/G Communications� seq Level3 \r  0 \h �� seq Level2 \r  0 \h �


The primary objectives of NEXCOM are to provide air traffic controllers the capability to accommodate the growing number of sectors and services and reduce strain on the logistical budget associated with the maintenance and operation of the current analog system. 


The basic assumptions in defining the future air/ground radio system are that:


•	ARTCCs, TRACONs, and ATCTs will continue to support the ATC operational functions


•	FSSs and AFSSs will continue to be used for the provision of flight information services


•	No significant operational changes will occur because of the implementation of NEXCOM.


•	Air Traffic Controllers will retain control over the selection of main, standby, or diverse site transmission equipment used


•	Air Traffic Control voice instructions to DoD would continue to be provided via the UHF radio capabilities


•	Air Traffic Control data information (e.g. Pre-Departure Clearance [PDC], Aeronautical Traffic Information System [ATIS]) and instructions (e.g. Controller Pilot Data Link Communications [CPDLC]) would be provided over this communications system


Desired goals of the new architecture include the following:


•	Increased number of deployable voice channels


•	End-to-end digital communications to improve voice quality, and link failure detection and restoral


•	If ground based, no new ground sites will be created, although some ground sites will be deactivated when no longer needed or moved to enhance system performance


•	Increased interface standardization to avoid the proliferation of interfaces among the various elements of the ground network.


•	Increased interconnectivity between equipment without custom characteristics or connectors.  


•	Capability to support existing interfaces with legacy equipment.  


•	Decreased the operating/maintenance costs of the A/G radio communications system


The next-generation A/G communications system architecture will provide equal or better coverage than today’s analog system at a minimum. 


Figure 9 illustrates an architecture for the NEXCOM Ground Network.  It should be noted that the architecture shown in Figure 9 consists of functional blocks and does not necessarily correspond to physical devices. The elements that are not shaded are the functional capabilities supporting but not perceived as being replaced by the NEXCOM program.


The primary functional elements of the future architecture for NEXCOM system are the Ground Network Interface (GNI) at the control site for multiplexing the voice and data circuits supported by the system and the Communications Interface Unit (CIU) for communicating between the control site and communications equipment.  


The notional architectures in this package are not to be construed as direction to solve the technical problems in the ways illustrated. The notional architectures are to be used as reference examples to help communicate NEXCOM requirements to vendors providing insight into issues associated with using such technologies in the aeronautical environment to meet the needs of Air Traffic Communications services.
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Figure 9.  Future Ground Based Network System








� 	Fact Book:  701, Current Book (page 1-7):  747 


� 	Fact Book:  476, Current Book (page 1-7):  502.


� 	Current Book (page 1-7):  200.


� 	Terminal radar approach control (TRACON) facilities are operated by the Federal Aviation Administration (FAA) to support civil and military operations in civil airspace.  In addition, military operations are also supported by radar approach control (RAPCON) facilities, operated jointly by the FAA and the U.S. Air Force, by radar air traffic control center (RADCC) facilities operated by the U.S. Navy, and by Army radar approach control (ARAC) facilities operated by the U.S. Army.  These facilities may also provide limited service to adjacent civil areas.


� 	These images were generated by the Terminal Airspace Visualization Tool from the 1990 plans for the Dallas/Ft. Worth (DFW) metroplex.  The airspace in service has been revised from this. 


� 	Current Book


� 	Exceptions are mostly circuits for special operations.


� 	Fact Book:  94, Current Book:  66 automated flight service stations (AFSSs) and 	149 flight service stations (FSSs)


� 	In some instances, flight services are also provided by air traffic controllers.


� 	Fact Book: 1726, Very High Frequency (VHF) Spectrum Database:  627 emergency and 1,072 flight service stations (FSSs)/En route Flight Advisory Service (EFAS) = 1,699.
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