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Summary

At the May meeting of the AMCP WG-C, a liaison was developed for WG-F.  That liaison asked for guidance as to the suitability of the 960-1215 MHz band for the operation of the Universal Access Transceiver (UAT).  This paper provides detail on the UAT allocation status within one State, and highlights the work that has been accomplished to determine its final operating frequency.

I.  INTRODUCTION
The Universal Access Transceiver (UAT) has been designed to operate in the lower portion of the 960-1215 MHz band.  That portion is currently allocated internationally for Aeronautical Radionavigation Service (ARNS) and for “airborne electronic aids to air navigation and any directly associated ground-based facilities” (S5.328).  The band is also used in the United States (US) and some allied countries for the Joint Tactical Information Distribution System/Multifunctional Information Distribution System (JTIDS/MIDS) on a non-interference basis (e.g., via US224 in the US).  

 The primary function of the UAT is to support civil aviation goals of providing more situational awareness to the pilot.  In particular, UAT facilitates Automatic Dependent Surveillance – Broadcast (ADS-B), a surveillance architecture in which participating aircraft periodically broadcast their position and intent information to other aircraft and/or ground facilities.  In the UAT, this has been accomplished via a high-capacity (on the order of one megabits/second) data-link that is specifically designed to operate in the potentially high-pulsed environment expected in that frequency range.

The purpose of this paper is to provide rationale as to why the UAT is – by function and design – properly suited for the 960-1215 MHz band, and to provide detail on the studies performed to determine the best operating frequency for UAT within that band.

II.  UAT ALLOCATION

System Review

In order to be classified as a station in the ARNS, a system needs to meet a series of “nested” International Telecommunication Union (ITU) definitions.  In particular:

Aeronautical Radionavigation System:  A radionavigation service intended for the benefit and for the safe operation of aircraft. 

Radionavigation Service:  A radiodetermination service for the purpose of radionavigation.

Radionavigation:  Radiodetermination used for the purposes of navigation, including obstruction warning.

Radiodetermination Service:  A radiocommunication service for the purpose of radiodetermination.

Radiocommunication Service:  A service as defined in this Section involving the transmission, emission and/or reception of radio waves for specific telecommunication purposes.  In these regulations, unless otherwise stated, any radiocommunication service relates to terrestrial radiocommunication.  
Radiodetermination:  The determination of the position, velocity and/or other characteristics of an object, or the obtaining of information relating to these parameters, by means of the propagation properties of waves.
Review of the UAT must consider each of these definitions in turn.

· Aeronautical Radionavigation Service:  The whole purpose of UAT is for the “benefit and safe operation of aircraft”, however, should it be in the radionavigation service?

· Radionavigation Service:  The questions here are “is the purpose of UAT radionavigation” and  “is UAT a radiodetermination service”?

· Radionavigation:  It is clear that surveillance is a form of obstruction warning, so the purpose of UAT is clearly radionavigation 

· Radiodetermination Service:  Here again there are two questions, “is UAT a radiocommunication service” and “is its purpose radiodetermination”?

· Radicommunication:  It is quite clear that the UAT uses the transmission and/or reception of radio waves for telecommunication.

· Radiodetermination:  This definition does not generally fit ADS-B, as the primary position and intent information is derived via other means and broadcast over the ADS-B link.  Focusing on the second clause “or the obtaining of information relating to these parameters” however, the UAT does include a high-fidelity timestamp on every message that is sent.  By subtracting that time from the reception time, and taking into account the propagation property of waves, an estimate of range between emitter and receiver is made.  This is an integral/primary part of the UAT ADS-B system, and vital to its anti-spoof capability.  While participating aircraft are not using that range to determine the position of the transmitter, they are using it to validate that position, and hence – to some extent – meeting the definition.

It is obvious that while the primary ADS-B function of the UAT does not meet the classical ITU “propagation properties of waves” definition, the evidence is overwhelming that the UAT is an “airborne electronic aid to air navigation”.  

Back-up Navigation  

The time-slotted nature of the ground station transmissions, together with the fixed/surveyed locations of those sites, can be utilized to allow aircraft to actually navigate if enough ground sites are in-view.  This multi-lateration capability would directly meet the radiodetermination definition, however, it could be argued that it is really only a secondary function of the UAT system.  Though it should be noted that it might be possible for other TDMA systems to claim a similar function regarding “relative navigation”, only if they also are fixed/surveyed could they claim true navigation.  In addition they would also need to meet all of the superior definitions to be considered ARNS.

Allocation Status
Based on their review of this information, one State’s regulatory authority has made a preliminary determination that operation should be authorized under the terms of footnote S5.328.   It must also be noted that they also indicated that proposed modifications
 to S5.328 as a result of the 2000 World Radiocommunication Conference do not change that conclusion.  

III.  UAT OPERATING FREQUENCY
Current 960-1215 Band Utilization

Figure 1 gives an overview of the 960-1215 MHz band. Because of the fixed frequency pairing between Distance Measuring Equipment and Tactical Air Navigation (DME/TACAN) interrogations and replies, and due to the overwhelming desire to protect secondary surveillance radar (SSR), portions of the band are not considered as part of the civil national airspace system (NAS).  In particular, ICAO Annex 10 identifies the frequencies of 977 and below as the portion of the band that is available for use “internally by nation States”, referred to here as the “National Allotment” portion.  Within the US this National Allotment is utilized by the Department of Defense (DOD) for shipboard and air-to-air TACAN, and as a portion of their JTIDS/MIDS tuning range
.  Internationally, use of that sub-band is mixed, and varies country-to-country.  As a result, any attempt to study UAT compatibility with systems in that sub-band would be difficult.

The remainder of the ARNS band—labeled as “Internationally Coordinated”—has a more consistent use worldwide.  In addition, in the US, the Federal Aviation Administration (FAA) is the band coordinator for assignments within that portion of the band.  For those reasons, it is within this internationally coordinated portion of the band where FAA desired the UAT operational frequency.
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Figure 1. Overview of 960-1215 MHz Band

Past UAT Assignments

Prior to the FAA Alaska Capstone Program, with its provision of “Radar-Like Services” to ADS-B equipped users, the UAT was operated on temporary experimental assignments at 966 MHz.  This was convenient for experimental use as it required no US NAS reassignments, and there tended to be little conflict with DOD TACAN use in areas where the assignments were requested.   

With the prospect of providing more critical air traffic services for the Capstone program, FAA shifted the frequency to within the internationally coordinated portion of the band.  The frequency of 981 MHz was selected based primarily on the following considerations:

· Minimal impact to existing Capstone radio hardware 

· Required minimal shifting of DME frequencies within Alaska (only one DME in Fairbanks)

Current Utilization of band from 978-984 MHz

The considerations in finding a “final” home for UAT were slightly different.  First, the constraints due to existing hardware were not as great, as it was expected additional planned changes would necessitate new hardware.  Second, the scope of existing DME assignments affected to make room for UAT would be U.S.-NAS, and ultimately world-wide, making compatibility with that system a significant consideration.  Finally, more attention was given to compatibility with other factors such as aircraft cosite and aircraft in close proximity to DME ground stations.  Examination of these factors resulted in the conclusion that the low end of the band was still most favorable:

· Provided best frequency separation from 1090 replies from cosited SSR transponders and reasonable separation from 1030 interrogations from cosited TCAS.

· It put UAT in a part of the band where transmissions from “legacy” systems (DME) are from the ground only.  This offers aviation authorities reasonable control of nearby interfering sources through shifting affected assignments.  

· Minimized impact of UAT to DME ground transponders since those do not receive in that portion of the band.

Given those factors, an examination was made for existing US assignments on the 7 lowest 1 MHz DME reply channels in the internationally coordinated portion of the band, i.e., the frequencies from 978-984 MHz.  Table 1 below shows each DME (ground reply) frequency, its paired VHF Navigation frequency (either a LOC or VOR), and the number of current assignments in the FAA’s assignment database for the DME frequency
. 

	
	
	
	
	
	
	
	

	DME Ground Reply Frequency
	978
	979
	980
	981
	982
	983
	984

	Paired VHF Nav Frequency per ICAO Annex 10
	108.0

(VOR Test)
	108.1 (LOC)
	108.2 (VOR)
	108.3 (LOC)
	108.4 (VOR)
	108.5 (LOC)
	108.6 (VOR)

	Number of US Assignments that include DME
	0


	0


	24
	9
	21
	19
	24


Table 1.  US DME Assignments as of 31 July 2000

Note that the frequencies 978 and 979 each have no assignments within the US.   This is because the close proximity of their paired VHF equipment to high powered FM broadcast channels results in those VHF channels being reserved for test facilities.  As a result, the paired DME channels were also reserved for DME test equipment
.   Discussions with frequency managers from other countries indicated that, at least for 978 MHz, this designation as a test frequency was quite widespread, though in Europe there were 6 DMEs assigned on 978 MHz.

Compatibility Studies

Recognizing that UAT faced a challenging operational environment, and noting that minimizing impact to existing band usage would facilitate that user acceptance, the UAT system design was tailored to be highly tolerant of pulsed interference.  In particular, design goals were:

· No impact on existing ramp tester use of the 978 MHz frequency;

· No impact on existing 978 MHz (e.g., Europe) operational DME/TACAN usage in low-density UAT environment (facilitates UAT introduction);

· No impact on existing/planned use of 979 MHz (e.g., Europe) DME/TACAN even in high-density UAT environment; and

· Tolerance of high-levels of JTIDS/MIDS signals.

Through a series of meetings under the auspices of the RTCA UAT Minimum Operational Performance Standards (MOPS) working group (Special Committee 186, WG5), design changes were implemented in the initial UAT equipment (i.e., that examined in the work of the joint FAA/Eurocontrol Technical Link Assessment Team).  Analyses, confirmed through test of prototype equipment, have confirmed that the MOPS-configuration UAT meets each of those design goals.  Output of that work is available on the internet at http://adsb.tc.faa.gov/ADS-B/186-subf.htm.  In addition, much of it has been presented to the AMCP WGC, resulting in their recent recommendation that the AMCP begin development of UAT Standards and Recommended Practices.

IV.  CONCLUSIONS
Significant study, analysis and testing has gone into the selection of 978 MHz as the operational frequency for UAT.  Points driving that selection were:

· Since UAT is an “electronic aid to airborne navigation”, it can operate in the 960-1215 MHz band under the existing international footnote S5.328, and no changes to the ITU Radio Regulations are expected to be necessary;

· Constraints placed on paired VHF navigation aids due to FM broadcast, have rendered 978 MHz as unusable for operational DME/TACAN in much of the world;

· UAT has been specifically designed to be tolerant of high levels of pulsed interference due to co-band sources such as DME, TACAN, and in some countries JTIDS/MIDS;

· Initial analysis indicates that UAT is fully compatible with, and will necessitate no change to, co-channel DME ramp tester systems.  Testing is planned to validate this analysis.

V.  RECOMMENDATIONS
The working group is invited to note this information on UAT, and to:

· Consult with their radio-regulatory agencies to ensure that UAT is classified as an acceptable use in their State under ITU footnote S5.328, and

· Support 978 MHz as the proposed global frequency for UAT in States that decide to implement the system.

� The proposed changes are:  “S5.328 mod    The use of the band 960-1215 MHz by the aeronautical radionavigation service is reserved on a worldwide basis for the operation use and development of airborne electronic aids to air navigation and any directly associated ground-based facilities.”


� JTIDS/MIDS is allowed to operate in several countries on a non-interference basis through much of the band using a frequency hopping spread spectrum technique.  The system operates on 51 discrete carrier frequencies nominally spaced 3 MHz apart from 969 to 1206 MHz, with exclusion “notches” about both 1030 and 1090 MHz.


� In some cases, a LOC or VOR may operate without an associated DME.  These cases are not reflected in the assignment counts.


� Title 47, Code of Federal regulations, Part 87.475
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