Attachment No. 4

 (Section 4.0)

4.0	Geostationary Satellite Alternative



4.1	Introduction



This appendix presents a potential implementation of NEXCOM Geostationary satellites. This presentation should not be construed as 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 satellites and GSM technologies, or to provide insights into the issues associated with using such technologies in an aeronautical environment to meet the needs of air traffic communication services. In this attachment, enough detail is provided to familiarize the reader with the basic operation of the Geostationary satellite system, the focus is on the potential application of this technology, coupled with the use of the well established Global System for Mobile communication (GSM) technology, to the aeronautical operational environment.  Section 4.1.1 provides background on the technologies represented by this alternative and the scope of alternatives that may relate to this appendix.  



Section 4.2, discusses the applicability of the emerging commercial Geostationary satellite systems to NEXCOM. Section 4.2 also indicates where modifications are required to support the use of a similar system  in the aeronautical environment.  Section 4.3 describes a “notional architecture” for the use of a Geostationary satellite system alternative in NEXCOM.  This consists of a description of the fully-deployed “final” system, system operations, and transition from the current analog AM system.  Section 4.3 also provides justification for the proposed architecture and operational methods, and identifies the key features uncovered by study of this alternative. 



It should be noted that the architecture described here fails to meet the voice delay requirements tentatively established for NEXCOM.  It is presented here to explore the potential of this alternative.



4.1.1	Background



	Since1995,  system designs that use a single Geostationary satellite to provide personal communication services, have emerged.  These systems will rely on a Geostationary orbit satellite to provide voice, facsimile and pager services between hand-held mobile and PSTN telephony using the same Global System for Mobile communications (GSM)-based radio for both mobile-satellite and cellular services. The basic satellite payload design relies on advanced but proven satellite technology such as antenna beam forming networks, deployable mesh reflectors, solid state power amplifiers, microwave filters,  low noise receivers and command driven digital channelizers.  The communication system design of many systems rely on GSM technology. This digital cellular scheme, widely installed in countries throughout the world, uses a time division multiple access format within an FDMA framework. Physical channels are defined as time slots within any given frequency channel.  GSM uses Frequency Division Duplex  (FDD) for the forward and reverse links.  An optional frequency-hopping feature can mitigate multipath fading. In the United States GSM is an American National Standard Institute (ANSI) standard known as TAG 5.

	

	A partial list of the emerging commercial Geostationary mobile satellite systems include;s the Asia Cellular Satellite system (ACeS) and Satphone by Lockheed Martin, the Geomobile satellite system by Hughes Space and Communication Systems, and the Euro-African satellite telecommunication system proposed by Matra-Marconi Space Systems. All of these are conceptually similar, but differ in detailed satellite design, bus design and channel capacity. With the exception of the end-to-end voice delay requirement (as mentioned above) any of these systems could conceptually  be modified and optimized to meet NEXCOM functional requirements. 



4.2	The GeoStationary Mobile Satellite Commercial System

	

This section discusses the applicability of the commercial system to NEXCOM and discusses the unique aspects of an A/G communication system that need to be addressed. Possible modifications to the commercial systems to better meet NEXCOM requirements will be presented in section 4.3.



	While there are a number of attractive aspects to the GeoStationary satellite systems, there are areas requiring attention in order to meet NEXCOM requirements. The following unique aspects of A/G communications are not included in the commercial systems:



Partyline communication requirements:  The current aeronautical environment is partitioned into sectors in three spatial dimensions.  Each sector is assigned one fixed frequency in the VHF band for air-to-ground (AG), ground-to-air (GA), and air-to-air (AA) communications.  The current analog AM system is simplex, with pilots and controllers accessing a channel via a “listen before push-to-talk” (LBPTT) manual protocol.  This mode of operation wherein all parties hear one another is referred to as partyline operation.  Since there is no significant demand in the private sector for such a service, commercial systems have not included partyline operation. However, the GSM system specification was extended in 1995 to include “group calls”  and LBPTT features for private mobile radio applications and could be invoked for A/G application 

Relationship between beam coverage geometry and sectors to assure continuous communication within the sectors: When applying the commercial system concept to NEXCOM, beam coverage must be tailored to the NEXCOM coverage requirements.  The sizes, shapes and number of spot beams for the mobile radio-to-satellite link would have to be tailored to meet the partyline requirement 

Time delay for round trip communication (between 0.6 and 0.5 seconds) and its relationship to party line communication application and other A/G communications applications:  The 250 m sec. end-to-end delay limit might be relaxed if operational evaluation of the impact on controller/pilot communications showed that the additional time delay did not adversely affect the communications 

Availability of dedicated L-Band frequency band over the area of coverage:  Preliminary analysis show that 40 MHz of L-Band in the forward link and 40 MHz in the reverse link could be potentially made available as a dedicated band for NEXCOM

Coordination of orbital locations and C or X or Ku-Band frequencies with existing Geostationary satellite systems to produce interference free and high average elevation angles to the required area of coverage.  Two operational satellites located at two central orbital locations to satisfy the coverage requirement with adequate elevation angles will be required.  The orbital locations of two satellites together with adequate feeder link frequency band in either C- or X- or Ku-Band will required  to be defined and coordinated. The deployment stratigy of two additional spare satellites are also required to be defined and coordinated.

Standardized and certified Multi-mode terminal radios and their cost 

System availability and back-up alternatives



4.3	Notional Architecture for NEXCOM based Geostationary Satellite Alternative



	This section describes the overall architecture of a NEXCOM system based on Geostationary satellites.  It provides a brief discussion of what a “final” or “end state” system might entail, some of the key features of system operation, transition from the current system, and some justification for the notional architecture approach. The critical features and issues, that must be addressed if  a Geostationary satellite based system were to be used for NEXCOM, are discussed.  In general, the system should meet the specified capacity, functional and performance requirements for all Air Traffic Services (ATS) control facilities from the smallest Air Traffic Control Tower (ATCT) to the largest Air Route Traffic Control Center (ARTCC).  No single point of failure should cause loss of services in the system.





4.3.1	“End State” System



	The Geostationary satellite alternative includes placement of up to four communication packages on locations in the Geostationary orbital arc that will cover the Continental United States(CONUS), Hawaii, Alaska and Carribian with a high average elevation angle.  Two of the satellites would be operational and two would be “ready to operate” on-orbit spares.  Figure 4.3.1 shows a conceptual high level block diagram of a Geostationary mobile satellite system connectivity.  After studies on frequency band allocation, orbital slots allocation, and coordination with other satellite systems, specific L-Band frequencies for mobile terminal-to-satellite links and specific C- or X- or Ku-Band frequencies for fixed terminal-to-satellite links can be decided. Mobile-to-mobile communications, including pilot/controller and pilot/pilot, would be in L-Band. The fixed-to-mobile communication would be on C or X or Ku bands.  The satellite would allow communication for three categories of links: Links  between mobile terminals, links between mobile terminals and VSAT-type fixed terminals, and links between VSAT-type fixed terminals.



Figure 4.3.2 shows a conceptual the MSS-GEO satellite system configuration for A/G use. (As noted, vendors are encouraged to suggest other system approaches for NEXCOM.) The solid lines present the L-Band communication links and the dotted lines present the C or X or Ku-Band communication links.  The following are descriptions of the communication service requirements and the conceptual approach to handling each service:



a)	A/G communication within en-route sector or within terminal or Terminal Radar and Approach Control (TRACON) areas: This is a party line, two-way voice communication between controller and all pilots in a sector or a terminal area. The communication is half duplex (one channel for the forward direction and another channel for the return direction). This service could be satisfied through L-Band to L-Band communication with  facility voice switch followed by multichannel radio at the controller site and a tunable L-Band radios aboard the aircraft. The use of TDMA multiple access with the GSM standard format is suggested if it will offer a significant cost advantage. Figure 4.3.3 shows the Geostationary satellite architecture for voice communication operation. Note that the approach suggested in this figure for military UHF A/G communication replaces some land-lines connecting the ARTCC to the Remote Communication Air/Ground (RCAG) sites containing UHF radios, with the L-Band radio at the RCAG site audio output connected back-to-back to the UHF radio.

b)	Data Link communications from the ARTCC, ATCT or TRACON to aircraft:  This is a duplex, two-way data channel with data rate up to 9.6 Kbps. Since partyline is not a requirement for data services, satellite capacity would be enhanced  by utilizing C-Band for this service. The service could either be handled between the fixed sites and each individual aircraft separately, or between the fixed site and a group of aircraft in a group call basis. This service can be satisfied through a C- to-L-Band communication channel with a directive Very Small Aperture Terminal (VSAT) antenna on the ground and a tunable L-Band radio terminal aboard the aircraft. A dedicated TDMA time slot would be allocated for the data channel which would allow operation of voice and data links simultaneously. 

c)	Flight services communications from the Flight Service Stations (FSS) or Automated Flight Service Stations (AFSS) to aircraft: This service would be satisfied through a C- to-L-Band communication channel from VSAT-type antenna at the FSS/AFSS site to a mobile radios aboard the aircraft. 

d)	Broadcast services communications from the Flight Service Stations (FSS) or Automated Flight Service Stations (AFSS) to a group of aircraft:  This is a one-way broadcast voice or data channel from the FSS/AFSS to a group of aircraft moving within specific airspace. This service would be handled through a C- to-L-Band communication channel from VSAT-type antenna at the FSS/AFSS site to mobile radios aboard the aircraft. 



In addition to the above service, the spacecraft would be controlled by a Telemetry, Tracking, Control and Monitor  (TTC&M) earth station in C-Band, and the communication system would be controlled and managed by a network control earth station also in C-Band.	



4.3.2	System Operation

	

The basic system elements of this notional architecture are the controller’s radios, the aeronautical radios, the fixed VSAT antennas and the satellite. The en-route ARTCC and the terminal area ATCT and TRACONS would be equipped with the L-Band radios connected to the facility voice and data switches.  The FSS/AFSS would be equipped with the VSAT terminals. The number of channels assigned to each ARTCC  area of coverage would depend on the air traffic density and number of sectors within the ARTCC area. The number of channels assigned to each terminal area would also depend upon the air traffic density in the area. The operation would be exactly the same as the current system except that the controller would not remotely operate the radios through RCAG equipment (except for UHF equipment).    



The system would be used by pilots and controllers much like the current system is used.  When a controller is assigned a particular sector, that controller communicates with all aircraft within the sector.  A listen before push-to-talk protocol is used, with all aircraft sharing the assigned TDMA time slot  for that sector.   



Entry into a sector is achieved in a manner similar to the current system.  Handoff between controllers can be accomplished by a message exchange between controller and pilot, with the pilot “re-tuning” to the new channel as the aircraft enters a new sector.  This “re-tuning” could can also be automated by using data messages.  The system would not impose limitations or constraints on the total number of airborne users within a specified user talk group.



4.3.3	Transition to the System



	Before the “end state system” is reached, there would be a transition period.  During this period, the satellite system could be made available very quickly.  The rest of transition would depend on the speed at ground facilities and users convert to use the new system.  One important aspect of transition would be backward compatibility of new mobile terminals with the current DSB-AM system.  This would allow airspace users to communicate with each other on either system until all airspaces are converted.



4.3.4	Discussion



	In the “end state” system, ground/ground communication could be established in C-Band between VSAT-type terminals. This mode of operation would allow the use of satellite to backup the land line G/G communication required to continue the operation of the UHF sites as long as military A/G communication uses UHF radios. (Vendors are encouraged to propose other alternatives to satisfy the military UHF A/G communication requirement.) 



To maintain the current operational system procedures, one possible L-Band beam coverage design would be to adjust the amplitude and phase of the feed array elements to form 22 spot beams shaped to cover each of the current ARTCC areas.  Since the en-route sector/terminal area boundaries are normally within the ARTCC areas, all aircraft entering any sector/terminal area will guarantee the same channel assignment within the area (a prerequisite for party line operation).  The L-Band frequency reuse scheme would be such that the same band would not be assigned to the immediate neighboring spot beams. In this arrangement, the number of L-band frequency reuses would be much smaller than the frequency band reuse factors that is possible for the commercial system. Other designs may also satisfy these requirements.  



When operating with the GSM standards, each 40 MHz L-Band frequency reuse accommodates up to 200 TDMA carriers based on a carrier bandwidth of 200 KHz. Each carrier will accommodate up to 8 channels; double the capacity would be achieved with half rate voice coding.   Therefore, a single beam could accommodate up to 1600 channels or 800 L-Band to L-Band duplex circuits. 



4.3.5	Critical Features and Issues



Dedicated satellite vs. Package shared with other satellite and the cost impact:  should a NEXCOM communication package share with other packages on the same bus at the same orbital location or should it use a dedicated spacecraft bus?  What is the cost impact for each approach? 

Time delay tolerance for each service: What is the impact of time delay associated with the Geostationary satellite transmission on each type of NEXCOM services, voice, data and voice/data broadcast services?

Sectorization and beam shapes: Options for the beam shapes and coverage to satisfy the partyline requirements and seamless transition from one sector to another  

System capacity and ability to meet demand: What is the trade off between system capacity and cost?  What is the satellite ability to satisfy NEXCOM traffic demand?

Spectrum allocation and orbital location coordination: Dedicated L-Band spectrum is required for this application to avoid interference with existing systems. What is the suitable USA government allocated band for this application? Dedicated C- or X- or K-Band spectrum may not be necessary if coordination with other existing systems could be achieved. Otherwise, government allocated band for this application may have to be used

Modifications to the hand held terminals to satisfy the NEXCOM ground and airborne radio requirements and cost impact after modification and certification for aeronautical application 

As with all alternatives, a Geostationary based solution must demonstrate adequate link margins during aircraft maneuvers and at the lowest satellite elevation angles used to support aeronautical communications



�Figure 4.3.1  Conceptual High Level Block Diagram of Geostationary Mobile Satellite

System Connectivity
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�Figure 4.3.2  Illustrative Geosationary Satellite System Configuration for A/G NAS Applications
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Figure 4.3.3  Geostationary Satellite Architecture for Voice Communication
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