Attachment No. 4


(Section 1.0)


1.0 Aviation Standards Alternative


1.1 Introduction


This attachment presents a potential implementation of NEXCOM using technology based upon Very High Frequency (VHF) Digital Link Mode 3 (VDL-3) Time Division Multiple Access (TDMA).  This presentation should not be construed to be direction to solve technical problems in the ways illustrated, but rather as a reference example, or “notional architecture” which may help to better communicate NEXCOM requirements to vendors of aviation standards-based technologies, or to provide insights into the issues associated with using such technologies in an aeronautical environment to meet the needs of air traffic services communications.  Further, this architecture description should not be construed as any deliberate attempt at functional allocation to subsystems.  The treatment is that of an overview, and the focus is on the potential application of this technology to the aeronautical operational environment. 


The Aviation Standards based A/G communications system architecture is being defined to provide similar coverage as today’s analog system.  This allows the coverage provided by the next-generation system to be determined by the available assets/resources and not by detailed architectural decisions.  Coverage can be modified by changing the number of assets utilized, so that additional services can be supported as needed.


Figure 1.1-1 illustrates the architecture for the Aviation Standards based Very High Frequency (VHF) Communications System Ground Network.  It should be noted that the architecture shown in Figure 1.1-1 consists of functional blocks and does not necessarily correspond to physical devices.  The specific implementation will need to factor in simplicity, performance and cost.  The system has the capability to use the existing antenna and ground transmission facilities to keep costs down.  The VHF Digital Link/Time Division Multiple Access (VDL/TDMA) radio system architecture includes radio site diversity to reduce the impact of remote site equipment or land-line circuit failures.  Essentially, to fill the role of the ARTCC’s BUEC system function, it will be replaced with standard VDL/TDMA radios at a diverse site from the primary radio on a one-to-one paired basis.  The operation of the diverse radio will emulate the operation of a current BUEC radio without user contention, to support the primary/diverse radio routing.  In general, the architecture of TRACON and tower facilities will include radio string diversity; although, many sites may have the primary and diverse radios sharing the same radio site.  At a high level, the objective is to have the various control facilities (i.e., ARTCCs, TRACONs, ATCTs, and AFSSs) connected to “standard” remote radio sites.  A standard radio site would contain the radio system elements to support primary and site diversity from another primary site.  All remote radio facilities would therefore consist of primary and possibly standby radio equipment, where some of the TDMA slot sets (user groups) from the available system configurations might be dedicated to provide site diversity to another set of controllers.  See Section 1.2.2 for more detail.  It is envisioned that some standby radios will be required for maintainability reasons, such as difficult accessibility of some radio sites.  


The primary functional elements of the future ground architecture for the VDL/TDMA radio system are the Ground Network Interface (GNI) at the control site for multiplexing the voice and data circuits supported by the system, the Radio Interface Unit (RIU) at the remote site for communicating between the control site and radio equipment, and the digital VHF and analog UHF radios.  The functionality of today’s radio control equipment and analog radios is incorporated into the GNI and RIU as necessary to meet the operational requirements.
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Figure � SEQ Figure \* ARABIC �1�.1-1  Future Ground Network System for an Aviation Standards-Based Radio�
The Ground Network Interface (GNI) represents the voice and data interface point to other National Airspace System (NAS) elements at the control facilities.  For voice operation, the GNI supports the audio and signaling interfaces required by the preexisting voice switches in each ATC facility.  The GNI also provides the voice compression needed to improve the system voice capacity by up to four-to-one over the current analog system.  The data interface connects the A/G communications system to the ATN and/or datalink applications.  Data-capable GNIs provide the subnetwork and some of the data link layer functions of the seven layer Open Systems Interconnect (OSI) data stack.  The GNI connects to a host application if it is desired to provide a visual signaling to the radar controller.  The GNI will assume the radio control and signaling functions of the previous radio and tone control equipment.  The Ground Network Interface provides local and remote failure detection and restoral capabilities for the voice and data services it provides.  This includes an interface to the NAS Infrastructure Management System (NIMS).


The GNI connects the existing voice switch and ATN router through the ground telecommunications network to the RIUs at the remote radio sites, as shown in Figure 1.1-1, to support voice and data services.  The GNI/RIU system operates with either analog voice grade lines or digital lines between the control and remote facilities depending on the type of transmission medium available to the remote radio site.  The system is also capable of using the Radio Communications Link (RCL) and Satellite Communications (SATCOM) equipment, although end-to-end system performance must be considered for the proper application of each media. 


The Radio Interface Unit provides the radio control functionality for the new digital radios and supports the interfaces with the analog UHF radios. Those facilities that do not support UHF service today, such as Flight Service, would not require the analog interfaces for their RIUs, unless desired to interface with analog VHF radios for transition.  While the FAA and Department of Defense (DOD) studies are on-going to determine if the future system will support UHF radio communications service, any transition to decommission this service must incorporate support for UHF communications in some capacity.  Since the UHF service transition would not be finished before the next-generation system begins to be fielded, at least some RIUs must provide access to UHF radios even if the service is planned to be decommissioned. The RIU provides the radios with signaling and control information from the ground network, including the selection between the main and standby radio equipment.  The Radio Interface Unit must be capable of supporting either analog or digital transmission lines.  This connection is also used to transmit remote monitoring information gathered by the RIU from the site to the control facility for maintenance and site security.


To facilitate site diversity backup, each radio site supporting digital radios will also include a time reference for radio synchronization to a common global time reference.  


1.2  � seq Level3 \r  0 \h �� seq Level2 \r  0 \h �Ground Network Interface Description


The Ground Network Interface (GNI) communicates with the voice switch and ATN router to integrate voice and data traffic for transmission via VHF digital radios.  As illustrated in Figure 1.2-1 at the functional level, the GNI consists of a GNI Front End (GNIFE), Voice/Data Interface Units (VDIUs), and a GNI Management Unit (GMU).  The GNIFE manages the connections and interfaces the ATN router.  The VDIUs multiplex the voice, data, and signaling and provide the radio protocols and communication with each of the remote radios.  They also interface the voice switch.  The GMU handles maintenance, control and performance monitoring for the NIMS.  


The GNI interfaces with the existing VSCS at ARTCCs and future ETVS at terminal facilities for the transmission and reception of voice and associated signaling.  The voice switch interfaces to be supported are defined in “VSCS to the Existing Radio Interface Control Document for the Voice Switching and Control System (VSCS)” (NAS-IC-42014000) [1] and “VSCS to Backup Emergency Communication Interface Control Document for the Voice Switching and Control System (VSCS)” (NAS-IC-64024201) [2] consistent with those that the current RCE being fielded can support.  The VDIU will handle the standard primary radio and BUEC analog interfaces and a Pulse Coded Modulation (PCM) digital interface to the voice switch.  The VDIU for ARTCCs emulates the existing BUEC signaling for the diverse radio site for compatibility with the existing VSCS and controller interfaces.  The GNI supports the EARS connectivity around the voice switch in case of switch failure.  The GNI supports additional EARS connectivity to access both the primary and diverse radio strings providing the controllers with complete diversity during voice switch outages.  Installation of a second EARS unit at each controller station may be necessary to implement the diverse site routing, since the current system only supports access to the primary radio site.


The GNI can also interface to the ATN router to support data communications.  It provides a direct access to the Data Link Applications Processor (DLAP) to support non-ATN data services.  An optional connection from the GNI to a display automation application in the host computer (illustrated in Figure 1.1-1) is supported to enable display of visual information to the radar controller screen.  This could be used for a caller identification function to provide verification against false transmissions or for display of pilot requests for priority preemption of the voice circuit.  


The GNI architecture must have the flexibility to support small facilities as well as the larger centers.  Depending on the demand, these facilities may or may not support data services.  There is also the possibility of integrating a simple voice switch within the GNI for facilities with only a few voice circuits (such as small airports) that do not currently have a switch.  
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Figure 1.2-1.  Ground Network for an Aviation Standards-Based Radio
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Due to a need to minimize data network overhead and to interface to the ATN router which is port limited, the ground network supports two classes of GNIs within its hierarchy, as shown in Figure 1.2-2.  The Primary GNI, shown as GNIP, provides a direct connection to the router and supports subnetwork routing of packets to Secondary GNIs (GNIS) which rely upon the Primary GNI(s) to provide the ATN connectivity.  This network hierarchy allows the radio system to transfer aircraft from radio to radio within the router’s domain transparent to the router.  Only when an aircraft is handed off between facilities supported by different routers (different Primary GNIs) will the ATN recognize that the subnetwork connectivity has changed and apply its needed mobile routing overhead.  Since each facility is not planned to have its own ATN router, all facilities needing air/ground data services that do not have a co-located router will have secondary GNIs connecting to the primary GNIs in the router-equipped facilities.  For diversity, each routing domain will have multiple primary GNIs in case of failure.
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Figure 1.2-2.  GNI Hierarchy


To support full voice and data diversity, the GNI will track the assignment of primary and diverse radio sets, so that data can be routed to the desired radio if the controller switches between the primary and diverse radios.  


1.2.1  � seq Level3 \r  0 \h �GNI Front End Description


The GNI Front End (GNIFE), as illustrated in Figure 1.2-1, provides the X.25 subnetwork and connection management functions and connects the digital VHF air/ground radios to the ATN router.  The subnetwork provides a connection-oriented point-to-point data communications link between the ground ATN router and the aircraft’s router.  This provides an acknowledged communication connection with packets guaranteed in sequence, as needed by the network compression scheme.  The GNIFE will provide the necessary link and physical layer functions to communicate with the ATN router’s X.25 Data Terminating Equipment (DTE) in order to support the air/ground subnetwork.  The front end will provide the Subnetwork - System Management Entity (SN-SME) which handles connectivity monitoring with the ATN or DLAP DTE.  The GNIFE will also support the point-to-multipoint broadcast data capability of the radio system, as needed.  As part of the connection management function, the GNIFE includes the Global Link Management Entity (GLME).  This provides the link redirection capability of the data link layer by performing radio handoffs within the facility transparent to the router to reduce subnetwork and network overhead traffic.  The rest of the Link Management Entity (LME) functions are split between each VDIU and Ground Radio to control each of the links on a per radio basis.  


Since changing subnetwork connections generates significant overhead, the ground network will use link redirection to minimize this overhead.  To aid in link redirection and because the ATN router has a limited number of ports, the ground network architecture limits the number of GNIs that communicate directly to the router.  This architecture implies that GNIs will pass data messages among themselves to allow link redirection between GNIs served by the same router.  This function is supported by the Primary/Secondary GNI hierarchy previously discussed, such that link redirection can occur between all Secondary GNIs connected to a Primary GNI.


The GNIFE also supports some of the added functionality of the VDL/TDMA radio system.  These functions are not necessary for basic voice operation of the future system, but provide enhancements to the system operation.  Support for these features would require a connection to the automation system of the control facility via a host interface device or similar function.  The GNIFE connection to the end system (e.g., DLAP) would provide the capability to support VDL-specific data service that would bypass the ATN router to reduce overhead and allow aircraft that do not have an ATN router to access data service via the VHF radio.  


1.2.2  � seq Level3 \r  0 \h �Voice/Data Interface Unit Description


The Voice/Data Interface Unit (VDIU), shown in Figure 1.2-1, provides all of the data link layer functions of the radio except link redirection as described above and media access control (i.e., TDMA framing).  The VDIU contains the voice switch interface, the vocoders and their error correction coding.  The VDIU is also responsible for handling the protocols needed to communicate with the RIU across the ground telecommunication system.  This unit provides all of the control functions needed on a per radio basis, as described below.  


The VDIU is responsible for multiplexing the voice, data and signaling information for communication with the remoted radio.  The VDIU provides Data Link Service (DLS) and associated Link Management Entity (LME) sublayer functions of the VDL/TDMA radio as specified in the draft Standards and Recommended Practices (SARPs) for the VDL Mode 3 (TDMA) operation [3].  The LME monitors the link connectivity with each aircraft and alerts the SN-SME if any link fails.  The DLS provides priority message queuing in addition to flow control and error detection.  The VDIU also encodes and decodes signaling and control information allowing remote operation and monitoring of the radios.  To support voice functionality, the VDIU provides the necessary circuitry for analog or digital voice switch interfaces in addition to supporting vocoders for up to four distinct voice circuits.  The VDIU supports all of the system configurations (i.e., 4-Voice (4V), Dedicated 2-Voice/2-Data (2V2D), Trunked Voice and Data (3T), etc.) outlined in the draft SARPs to provide flexibility in implementing the future air/ground radio communications system.  


By placing the vocoders within the GNI at the control facility, its voice compression can be used to significantly reduce the number of land-line circuits needed to support air/ground communications.  Instead of each voice circuit occupying a single 64 kbps line, multiple 4.8 kbps compressed voice circuits can occupy a single 64 kbps line along with data and signaling information.  Furthermore, the voice bandwidth will not be reduced by in-band signaling currently used today.  While it is possible to achieve up to an eightfold decrease in land-line circuits, preliminary analysis indicates that under the current airspace structure, actual radio siting and concentrations limit near-term savings to around twofold.


1.2.3  � seq Level3 \r  0 \h �GNI Management Unit Description


The GNI Management Unit (GMU) is responsible for providing the monitoring, maintenance and control functions of the A/G radio communications system in accordance with the Airway Facilities Concept of Operations to support the NIMS [4].  It will provide functionality to support the service and systems operations and maintenance as well as the information management functions of NIMS.  This unit will support the operations system planning and requirements and administration functions of the NIMS concept.  The GMU will provide the necessary filtering and information concentration needed to support the NIMS functionality.


1.2.4  � seq Level3 \r  0 \h �Voice-Only Operation


To support handheld emergency transceivers for airport radio outages, a self-contained voice-only digital ground radio is needed.  This would incorporate the vocoder into the digital ground radio with reduced system configuration support, since the handhelds would not need to provide data communications.  For voice-only operation, support for a subnetwork layer or data link service sublayer is not needed.  The media access sublayer in the radios is simplified to only handle voice bursts and connection management M bursts.  All of the resource reservation code is no longer needed.  This radio would need a timing source to maintain system timing during its operation to prevent slot interference with a radio operating on the same frequency, but using other slots.


1.3  � seq Level3 \r  0 \h �� seq Level2 \r  0 \h �Radio Interface Unit Description


The Radio Interface Unit (RIU), illustrated in Figure 1.3-1, is co-located with the air/ground radios and connects the GNI with the desired ground radio transmitters and receivers.  This includes the main/standby switching and UHF routing for the A/G radios.  The RIU handles the multiplexing of the radio control and signaling information and the A/G transmission information over the ground transmission media.  Besides the digital VHF radios, it provides the capability of interfacing analog VHF and UHF radios, so that the new infrastructure can be in place before the digital service is activated to ease transition.  This allows the activation of digital service without maintaining separate transmission facilities for the analog and digital service.  If the party-line effect is required between analog and digital users, the RIU would provide the rebroadcasting function.
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Figure 1.3-1.  Radio Interface Unit Description (with Digital Line Interface)


The RIU supports analog radios for UHF communications and backward compatibility.  This is a significant addition of functionality to the RIU and may lead to two versions of the RIU:  one with analog support and one purely digital.  This analog support requires that the RIU be capable of regenerating the analog signaling and audio from the digital bitstream to operate the analog radio units and to be able to multiplex the received UHF audio into the digital bitstream heading back to the GNI.  The RIU supports both a main and standby digital radio, each providing voice communications for up to four sectors.  Therefore, the RIU must be capable of supporting up to eight analog radios for main and standby UHF communications support.  This implies eight analog transmitter and eight analog receiver interfaces for the RIU beyond the two digital transmitters and receivers.  Analog-supporting RIUs will contain sufficient vocoders to interface the analog radios to the digital bitstream between the RIU and GNI, one to support each radio transmitter/receiver pair without dependency between main and standby.  The vocoder function could be split into voice encoders and voice decoders to improve the availability by removing a dependency between the transmitter and receiver string.  


RIUs at Terminal and Flight Service facilities do not need main/standby switching capabilities, so each RIU only needs a single digital radio interface.  This would reduce by half the radio equipment connecting to the RIU.  For some Terminal and all Flight Service RIUs, UHF support is not needed, although analog support may be needed for transition.  It may be cost-effective for the RIU to be functionally expandable with respect to the number of radios supported, and analog radio support.  


RIUs provide the capability of communicating with the GNI via digital or analog transmission lines.  The RIU will have a multiplexer (MUX) function, as shown in          Figure 1.3-1, to separate the voice, data and signaling information going between the radios and RIU and the GNI.  The MUX function must be capable of handling a single digital line or a pair of analog modems for the ground transmission medium between the GNI and the remote radio site.  


1.4  � seq Level3 \r  0 \h �� seq Level2 \r  0 \h �VDL Ground Radio Description


The ground radio provides the Media Access Control (MAC) and Link Management Entity functions associated with access to the 25 kilohertz (kHz) 31.5 kbps Differential 8�ary Phase Shift Keying (D8PSK) radio frequency (RF) medium.  The radio provides the error correction coding for the data and management bursts as well as the address compression used by the VDL/TDMA system.  The MAC provides the time division structuring of the bursts and controls access to the RF channel resources.  The radio is responsible for generating the synchronization symbol sequences as well as the management bursts.  Also, the ground radios will be capable of operating in a backward-compatible AM mode and provide analog interfaces consistent with the current VHF DSB-AM radios so that the equipment can be initially fielded as needed to solve the maintainability problem of the current system and then later converted to digital modulation as needed for operations.  


The future air/ground radio supports many new features for the air/ground communications system.  When users log into the system, they are assigned a local address by the ground radio.  This address can deter "phantom controllers" or “phantom pilots” by sending it along with each voice burst, so that the recipient can validate with whom they are speaking.  Since only FAA ground equipment would be built to use the ground address, aircraft could detect that false ATC commands came from a source other than an FAA ground station.  Another side benefit of aircraft having to log into the system is that the ground radio can monitor the connectivity of the aircraft attached to it.  The radio monitors the links for failures and can notify the controller via the GNI if an aircraft is no longer connected or when a new aircraft is logging in after a hand-off from another sector.  Furthermore, the radio can pass voice priority signaling back to the controller via the GNI in cases where the channel is occupied and an aircraft has urgent voice traffic.  The controller can then decide if and when to interrupt voice traffic to allow the urgent voice messages access to the channel.  


The controller override feature of the new radios uses the "push-to-talk" signal of the ground operator to signal the override, so no new signaling is required.  From the radio perspective, the presence of vocoder data for uplink will trigger the override function.  A beneficial feature of having the digital vocoders is that voice clipping should be reduced due to the digital buffering and multiplexed digital signaling.


All ground radios must be capable of accepting an external timing source to allow time synchronization between radios.  All radios at a remote site will share a common timing source to prevent slot interference in case multiple radios are transmitting on a single frequency.  Any primary, standby and diverse radios operating on the same frequency must be time synchronized to avoid interference.  This is accomplished by providing a common timing source, such as GPS, throughout the network.  


The radio will be capable of monitoring its performance and providing this information to the operation and maintenance functions of the ground network.  


The VDL/TDMA radio system provides radio backup functionality similar to today's system.  The current ground infrastructure provides main and standby radios at the primary site and another backup radio at a diverse site to handle A/G circuit failures within the ground network.  This could be due to failure of the ground transmission line to a site or a site failure.  Initially, the same approach has been followed for the next-generation air/ground communication system architecture.  However, as analyses of prototype implementation, configuration, and line availability confirm that the service availability can be met with dedicated diverse siting and fast fault detection, the need for standby radios will be re-evaluated.  Eliminating the standby radios will simplify the RIU and reduce the cost of the system appreciably while using the fault detection and dedicated diversity to provide the required availability.  However, there are some logistics issues with the complete removal of standby radios.  Reducing the backup to a 1:N backup would still significantly reduce the number of radio units needed for the system, but would increase the complexity of the RIU and ground radio.


List of References


1.	VSCS to the Existing Radio Interface Control Document for the Voice Switching and Control System (VSCS), NAS-IC-42014000, Revision E, Federal Aviation Administration, 9 December 1994.


2.	VSCS to Backup Emergency Communication Interface Control Document for the Voice Switching and Control System (VSCS), NAS-IC-64024201, Revision C, Federal Aviation Administration, 11 February 1994.


3.	ICAO Aeronautical Mobile Communications Panel (AMCP), Draft Standards and Recommended Practices (SARPs) for VHF Digital Link (VDL) Time Division Multiple Access (TDMA), Version 1.3, Malmo, Sweden, Jan. 1996.


4.	Operational Requirements Document (ORD) for the NAS Infrastructure Management System (NIMS), Federal Aviation Administration, July 1995. 


�
Glossary


AFSS	Automated Flight Service Station


A/G	Air/Ground


AM	Amplitude Modulation


ARTCC	Air Route Traffic Control Center


ATC	Air Traffic Control


ATCT	Air Traffic Control Tower


ATN	Aeronautical Telecommunication Network


ATS	Air Traffic Service





BUEC	Back-Up Emergency Communications





COTS	Commercial Off-The-Shelf


CSU	Channel Service Unit





D-ATIS	Digital Automated Terminal Information Service


DCE	Data Circuit-Terminating Equipment


DLAP	Data Link Applications Processor


DLS	Data Link Service


DOD	Department of Defense


DSB-AM	Double Sideband - Amplitude Modulation


DS-RCE	Down-Scoped Radio Control Equipment


DSU	Digital Service Unit


DS0	Digital Service 0


DTE	Data Terminating Equipment


D8PSK	Differential 8-ary Phase Shift Keying





EARS	Emergency Alternate Radio System


ETVS	Enhanced Terminal Voice Switch





FAA	Federal Aviation Administration





GLME	Global Link Management Entity


GMU	Ground Network Interface Management Unit


GNI	Ground Network Interface


GNIFE	Ground Network Interface Front End


GNIP	Ground Network Interface - Primary


GNIS	Ground Network Interface - Secondary


GPS	Global Positioning System





ICAO	International Civil Aviation Organization


ICSS	Integrated Communications Switching System


I/O		Input/Output





kbps	kilobits per second


kHz	kilohertz





LINCS	Leased Interfacility NAS Communications System


LME	Link Management Entity


LOS	Line-of-Sight





M		Management


MAC	Media Access Control


MHz	megahertz


M/S	Main/Standby


MUX	Multiplexer





NAS	National Airspace System


NIMS	NAS Infrastructure Management System





PCM	Pulse Coded Modulation


PDC	Predeparture Clearance





RCAG	Remote Communications Air/Ground


RCE	Radio Control Equipment


RCL	Radio Communications Link


RCO	Remote Communications Outlet


RF		Radio Frequency


RFI	Radio Frequency Interference


RIU	Radio Interface Unit


RTR	Remote Transmitter/Receiver





SARPs	Standards and Recommended Practices


SNMP	Simple Network Management Protocol


SN-SME	Subnetwork - System Management Entity





TDLS	Tower Data Link Service


TDMA	Time Division Multiple Access


TRACON	Terminal Radar and Approach Control





UHF	Ultra High Frequency





V/D	Voice/Data


VDIU	Voice/Data Interface Unit


VDL	VHF Digital Link


VFCS	Voice Frequency Control System


VHF	Very High Frequency


Vocoder	Voice Encoder/Decoder


VSCS	Voice Switching and Control System








Aviation Standard Architecture	� PAGE �2� of � NUMPAGES �19�	10/16/97





Aviation Standard Architecture	� PAGE �3� of � NUMPAGES �19�		10/16/97





Aviation Standard Architecture	� PAGE �6� of � NUMPAGES �19�	10/16/97











Aviation Standard Architecture	� PAGE �7� of � NUMPAGES �19�	10/16/97














Version 1.0 Aviation Standard 	� PAGE �19� of � NUMPAGES �19�	10/16/97














