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1 Introduction 

1.1 Outline of the Manual 

This Manual contains general informative information and implementation guidance for 
the Universal Access Transceiver (UAT).   

Section 1 of this document presents the objectives and scope of the manual and provides 
definition of key terms used in the manual. 

Section 2 describes the applications supported by UAT and the fundamentals of system 
operation and introduces an example set of airborne equipage classes. 

Section 3 provides guidance for scheduling of UAT ADS-B Message transmissions by 
each of the example airborne equipage classes described in Section 2. 

Section 4 provides guidance on UAT ADS-B transmitter inputs by each of the example 
airborne equipage classes described in Section 2. 

Section 5 provides guidance on UAT aircraft installation aspects.  

Section 6 provides guidance on the implementation of UAT Ground Infrastructure.  
Assumptions consistent with this guidance have been used to estimate UAT performance 
when supporting air-ground applications of ADS-B. 

Section 7 describes potential future services that could be supported by UAT  

Appendix A is a listing of acronyms and definition of terms.   

Appendix B summarizes results of detailed UAT System performance simulations in the 
Standard Interference Environments of Appendix C.  Air-to-air, air-to-ground and 
ground-to-air system performances are assessed.  All performance estimates reflect 
broadcast of all State Vector (SV), Mode Status (MS), and Intent information (including 
both Target State and Trajectory Change Reports), as appropriate to the UAT equipage 
class. 

Appendix C describes the standard interference environment assumed for the 
performance simulations documented in Appendix B.  These environments are based 
upon internationally-developed traffic scenarios for future high and low density airspace 
and near-worst-case estimates of interference caused by other systems transmitting on or 
near the UAT intended operational frequency of 978 MHz. 

Appendix D describes measurement data that were collected on UAT equipment, 
including production-level equipment, to characterize UAT receiver performance in 
various interference environments, including JTIDS/MIDS, DME/TACAN and self-
interference, as described in Appendix C. 

Appendix E describes the UAT Error Detection and Correction Performance. 
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Appendix F describes test results that substantiate compatibility of the UAT System with 
Distance Measuring Equipments (DMEs). 

Appendix G contains a specific example of a UAT ADS-B Message with an exemplary 
payload, formatted in a manner consistent with Section 12.4.4 of the UAT SARPS and 
Section 2.1 of the UAT Technical Manual.  

Appendix H contains information and guidance regarding Aircraft Antenna 
Characteristics.  A technique for sharing existing transponder antennas is described. 

Appendix I contains an approach for UAT to convey Trajectory Change Reports (TCRs), 
a type of intent information.  The Appendix contains a description of how up to four (4) 
TCRs may be supported by the system. 

 

1.2 Objective and Scope 

The objective of this manual is to supplement the UAT SARPs and the UAT Technical 
Manual with additional information related to implementation guidance and UAT system 
performance.  

1.3 Definitions 

Appendix A provides a definition of the terms and acronyms used in this document.  This 
section expands upon the definitions of key terms in order to increase document clarity 
and establish a common foundation of terminology.   Action Item #1: Rich Jennings - 
[Need to ensure that all of the listed Acronyms and Definitions are in fact used in 
the technical manual, and that all Acronyms and Definitions are consistent with 
ICAO practice.] 

 

UAT: Universal Access Transceiver (UAT) is a broadcast data link intended to operate 
globally on a single channel, with a channel signaling rate of 1.041667 Mbps.   

UAT ADS-B Message: UAT ADS-B Messages are broadcast by each aircraft once per 
second to convey State Vector and other information.  UAT ADS-B Messages can be in 
one of two forms depending on the amount of information to be transmitted in a given 
second: the Basic UAT ADS-B Message or the Long UAT ADS-B Message (see §12.4.4.1 
of the UAT SARPs for definition of each).   

UAT Ground Uplink Message: The UAT Ground Uplink Message is used by ground 
stations to uplink flight information, such as text and graphical weather data, advisories, 
and other aeronautical information, to any aircraft that may be in the service volume of 
the ground uplink station message (see §12.4.4.2 of the UAT SARPs for further details).   

Basic Receiver: A general purpose receiver with less rejection of interference from 
adjacent channel DMEs than the High Performance receiver (see §12.3.2.2 of the UAT 
SARPs for further details).   
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High Performance Receiver: A UAT receiver with additional filter selectivity to aid in 
the rejection of adjacent channel DME interference (see §12.3.2.2 of the UAT SARPs 
for further details).   

Optimum Sampling Point: The optimum sampling point of a received UAT bit stream 
is at the nominal center of each bit period, when the frequency offset is either plus or 
minus 312.5 kHz. 
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2 Operating Concepts 

2.1 Applications Supported 

2.1.1 Automatic Dependent Surveillance –Broadcast (ADS-B) 

Automatic Dependent Surveillance – Broadcast (ADS-B) is a surveillance technique in 
which aircraft automatically provide, via a broadcast-mode data link, data derived from 
on-board navigation and position fixing systems, including aircraft identification, four-
dimensional position, and additional data as appropriate. 

With such information made available by ADS-B from other proximate aircraft, it is 
possible to establish the relative position and movement of those aircraft with reference 
to one's own aircraft.  It is also possible for ground-based facilities to monitor ADS-B 
broadcasts to enable basic surveillance capabilities, or to supplement existing 
surveillance systems.  Other data that are shared using ADS-B include information 
related to the aircraft's intended flight path (“intent” data), aircraft type, and other 
information. 

ADS-B is automatic in the sense that no pilot or controller action is required for the 
information to be broadcast.  It is dependent surveillance in the sense that the aircraft 
surveillance-type information is derived from on-board navigation equipment.  

ADS-B is considered to be a key enabling technology to enhance safety and efficiency in 
airspace operations.  These include basic applications, such as the use of ADS-B to 
enhance the pilot's visual acquisition of other nearby aircraft1, as well as more advanced 
applications, such as enabling enhanced closely spaced parallel approach operations.  
Other applications involving airport surface operations, improved surveillance in non-
radar airspace, and advanced conflict management are also described.  Fleet management 
and search and rescue are also applications for ADS-B. 

2.1.2 Ground Uplink Services 

In the context of this manual, Traffic Information Service - Broadcast (TIS-B) is a 
ground-based service to UAT-equipped aircraft to provide surveillance data on non-
UAT-equipped aircraft.  The service is intended to provide UAT-equipped aircraft with a 
more-complete traffic picture in situations where not all aircraft are equipped with UAT. 

When providing surveillance data for non-ADS-B equipped aircraft, TIS-B involves 
three major functions.  First, another source of surveillance information on non-ADS-B 
aircraft (such as Secondary Surveillance Radar [SSR]) must be available.  Second, this 
surveillance information must be converted and processed so as to be usable by UAT-
equipped aircraft.  And third, UAT is used to convey this information to UAT-equipped 
aircraft. 

                                                      
1 Ground vehicles in the movement area, obstacles, etc., may also transmit UAT ADS-B Messages when appropriate.  
In appropriate contexts, the term “aircraft” may include such other transmitters. 
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When providing surveillance data for ADS-B equipped aircraft that are equipped with a 
data link other than UAT, the TIS-B service takes as input ADS-B reports from such 
aircraft and converts those reports to a format appropriate to UAT, for uplink broadcast 
to UAT equipped aircraft. 

UAT preferably supports TIS-B by having UAT ground uplink stations transmit TIS-B 
information as UAT ADS-B Messages in the ADS-B segment of the UAT frame.  
Alternatively, if necessary, TIS-B information could be broadcast in the ground segment 
of the UAT frame. 

FIS-B is the ground-to-air broadcast of non-control, advisory information needed by 
pilots to operate more safely and efficiently.  For example, FIS-B may provide weather 
graphics and text (e.g., METAR and TAF), Special Use Airspace information, Notices to 
Airmen, and other information.  UAT has been designed to support the broadcast of 
FIS-B information in the ground segment of the UAT frame using the ground uplink 
message.  Action Item #2: [Double check on an ICAO definition of FIS-B] 

2.1.3 UAT Broadcast Connectivity 

Figure 2-1 below shows the connectivity supported by UAT for ADS-B air-air, ADS-B 
air-ground, and the uplink services of TIS-B and FIS-B. 

 

ADS-B 

ADS-B 

Weather and 
Aeronautical 

Information (FIS-B) 

Traffic 
Information 

(TIS-B) 

FIS-B 
TIS- B 

ADS-B 

ADS-B 

UAT Ground Station 

FIS-B 
TIS- B 

Transmit Only 

 

Figure 2-1: UAT Connectivity 
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Aircraft UAT equipment may support transmit-only or transmit and receive capability.  
When aircraft are in coverage of a ground station, uplink services may be provided and 
the ground station can serve as a surveillance sensor for ground based ADS-B 
applications.  Regardless of whether airborne users are in coverage of a ground station or 
not, air-air ADS-B connectivity is available.  While networking of ground stations can 
offer certain advantages, each can also operate independently of others if desired.  
Requirements for coordination among ground stations are that they all operate on a 
common time standard and that the ground uplink slots on which they transmit are 
assigned through appropriate spectrum management procedures.  

2.2 Channel and Waveform Description 

The UAT employs a single common global channel to support ADS-B and appropriate 
ground uplink services.  The UAT channel is at [978] MHz and has a signaling rate of 
just over 1 Mbps.  A single channel architecture ensures seamless air-to-air connectivity 
and obviates the need for multi-channel receivers or tuning procedures.  The UAT 
channel has been sized to ensure ADS-B performance is maintained in future high traffic 
density environments.  Additionally, the UAT waveform has been designed specifically 
to provide tolerance to self-interference and other pulsed interference encountered in the 
frequency band of UAT operation.  The UAT waveform is defined in the UAT RF 
SARPs. 

Detailed information on UAT ADS-B performance assessment in low density and in 
projected future high-density traffic environments is provided in Appendix B.  This 
assessment also accounts for all expected sources of interference from other systems as 
described in Appendix C.  Appendix D describes the bench test measurements used to 
develop receiver performance models that provide the underpinning of the simulations in 
Appendix B. 

There are two types of broadcast transmissions - or messages - on the UAT channel: the 
UAT ADS-B Message, and the UAT Ground Uplink Message.  Regardless of type, each 
message has two fundamental components: the message payload that contains user 
information, and message overhead, principally consisting of Forward Error Correction 
(FEC) code parity, that supports the error-free transfer of the data.  The FEC was 
selected to ensure that UAT Messages would have a transmission integrity at the UAT 
link layer of at most one in 10-8 probability of an undetected error per message.  Details 
on the format of these message types are provided in §12.4.4 of the UAT SARPs.  
Details on the contents and format of the message payloads are provided in §2.1 of the 
UAT Technical Manual. 

Information on the error detection and correction performance of the UAT FEC scheme 
is provided in Appendix E. 

Finally, test results assessing the impact of the UAT waveform on DME equipment is 
presented in Appendix F. 
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2.3 Timing Structure and Medium Access 

UAT support for multiple services is accomplished using a hybrid medium access 
approach that incorporates both time-slotted and pseudorandom access.  By virtue of its 
waveform, signaling rate, precise time reference, and message-starting discipline, UAT 
may potentially be used for independent validation of position information of received 
UAT ADS-B Messages (see §5.3). 

Figure 2-2 illustrates the Basic UAT Message timing structure called a UAT frame.  A 
frame is one second long and begins at the start of each Universal Coordinated Time 
(UTC) second.  Each frame is divided into two segments:  

1. The Ground Segment in which UAT Ground Uplink Messages are broadcast in one 
or more time slots, and  

2. The ADS-B Segment in which UAT ADS-B Messages are broadcast.   

Guard times are incorporated between the segments to allow for signal propagation and 
timing drift.  The UAT frame contains 3952 Message Start Opportunities (MSOs) that 
are spaced at 250µs intervals.  This spacing represents the smallest time increment used 
by UAT for scheduling message transmissions, and all such transmissions must start only 
at a valid MSO.  Action Item #: Chris Moody to draft further explanatory materials 
on MSOs for the Sept. 2004 meeting. 

 
 

6 m s  6 m s  1 2 m s  

U A T  F r a m e  =  O n e  U T C  S e c o n d  

( S t a r t :  o n  t h e  U T C  s e c o n d )  ( E n d )  

M S O  0  M S O  3 9 5 1  

M e s s a g e  S t a r t  O p p o r t u n i t i e s  (  M S O s )  

A D S - B  S e g m e n t  
8 0 0  m s  

G r o u n d  S e g m e n t  
1 7 6  m s  

M S O  7 5 2  M S O  7 0 4  

 

Figure 2-2: UAT Frame 

Notes: 

1. Shaded segments represent guard times for signal propagation and timing drift (not 
to scale). 

2. ADS-B transmissions will partially occur within the final guard interval when the 
last MSO is selected. 
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As shown in Figure 2-2, 176 milliseconds in each 1-second UAT frame are devoted to 
UAT Ground Uplink Message transmissions, and 800ms are devoted to UAT ADS-B 
Message transmissions.  MSOs start at the end of the initial 6ms guard time, are spaced 
at 250µs intervals, and are numbered sequentially from 0 through 3951. 

2.3.1 UAT ADS-B Message Transmission by Aircraft 

As shown in Figure 2-2, the ADS-B Segment of each UAT frame is 800ms long, and 
spans 3200 MSOs (i.e., from MSO 752 to MSO 3951).  All UAT ADS-B Messages are 
transmitted in this segment of the frame.  Each UAT-equipped aircraft or ground vehicle 
makes exactly one UAT ADS-B Message transmission per frame, and makes a 
pseudorandom selection from among any of the 3200 MSOs in the segment to start 
transmission of the message.  Approximately 6 milliseconds of guard time are appended 
after the ADS-B Segment to fill out the UAT frame to the end of the UTC second.   

The pseudorandom selection of an MSO within each UAT frame for the start of an 
aircraft's UAT ADS-B Message is intended to prevent two aircraft from systematically 
interfering with each other's UAT ADS-B Message transmissions.  Adherence to the 
MSO-based timing scheme enables the receiving UAT equipment to determine range to 
the UAT equipment that transmitted the message.  This information could be used in 
validity checks of the position data conveyed in the UAT ADS-B Message itself.  More 
information on UAT support for an independent ADS-B validation application is 
presented in §5.3. 

Construction of an example ADS-B Message payload including the FEC is provided in 
Appendix G. 

2.3.2 Ground Uplink Services 

UAT Ground Uplink Messages are used to support services such as FIS-B and TIS-B.  
UAT Ground Uplink Messages will occur within one or more of the 32 time slots 
defined within the ground segment of the UAT frame.  Detailed procedures for UAT 
Ground Uplink Message transmission are provided in §3. 

UAT Ground Stations can support TIS-B through transmission of individual messages in 
the ADS-B format in the ADS-B segment of the frame.  Using this approach, TIS-B 
transmissions will appear to be nearly identical to UAT ADS-B Messages both in terms 
of message format and media access.  Each such TIS-B transmission must start only at a 
valid MSO as is the case with transmission of ADS-B Messages from aircraft.  UAT can 
also support TIS-B through transmissions in the Ground Uplink segment.  This approach 
for transmission of TIS-B information is beyond the scope of this Manual. 

2.4 Basic Avionics Operation and Equipage Levels 

2.4.1 Avionics Operating Concept 

Implementations will consist of transmit and receive subsystems.  Most implementations 
will include both subsystems; however, transmit-only configurations are also possible.  
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Figure 2-3 shows the high level functions of an avionics implementation that supports 
both transmission and reception. 

 

Report 
Formatting 

and Delivery 

ADS-B  Msg 
Composition 
and 
Transmission 

Transmitter 

Receiver 

Status 

Intent 

Other 

On-board 
Applications 

ADS-B Transmitting Subsystem 

Receiving Subsystem 

Pos, Vel, 
1 PPS time mark 

Aircraft Address 

Broadcast Messages 

 

Figure 2-3: High Level Function of UAT Avionics 

The UAT ADS-B Transmitting Subsystem performs the following basic functions: 

a. Determine the proper message format based on the predetermined (fixed) message 
transmit schedule. 

b. Receive various ADS-B input data and format into the UAT ADS-B Message 
structure. 

c. Determine appropriate MSO for transmission (once per second) based on 
pseudorandom seed. 

d. Select the antenna for transmission (for installations requiring transmit diversity, see 
§2.4.2).   

e. Transmit the message over the UAT channel. 

These functions result in one message transmitted each second.  Additionally, the UAT 
ADS-B Transmitting Subsystem may make a determination of whether its “Vertical 
Status” is ON GROUND or AIRBORNE.  For installations that can determine the 
Vertical Status, the UAT ADS-B Message format changes in several respects depending 
on the Vertical Status declared.  When the Vertical Status is AIRBORNE, the UAT 
ADS-B Transmitting Subsystem makes one UAT ADS-B Message transmission each 
second with consecutive messages conforming to a predefined pattern (in terms of 
message types and transmit antenna) and format. 

The UAT ADS-B Receiving Subsystem performs the following basic functions: 

a. Select antenna for reception (in installations that employ antenna switching, but do 
not employ receiver diversity, see §2.4.2). 
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b. Detection and decoding of UAT Messages (both Ground Uplink Messages and UAT 
ADS-B Messages) on the UAT channel. 

c. Apply “Successful Message Reception” criteria to each detected message to ensure 
integrity. 

d. For each Successful Message Reception, format resulting message payload into 
report format and output report to on-board applications.  

Reports to on-board applications are generated in response to UAT Messages received 
(ADS-B or Ground Uplink).  Each UAT Message successfully received will trigger the 
generation of a report, which includes the payload information of that message and an 
indication of the time of message receipt.  Robust forward error correction coding is used 
to ensure that the received message is identical to that transmitted.   

2.4.2 Examples of Avionics Equipage Classes 

RTCA has categorized ADS-B equipment into aircraft system equipage classes as 
defined in RTCA/DO-242A (ADS-B MASPS).  This categorization is based on potential 
ADS-B applications and the needs of particular airspace users.  This Manual provides, 
for exemplary purposes, configurations of UAT avionics consistent with the RTCA 
equipage categories.  Appendix B to this Manual provides projections of UAT 
performance for each of these equipage classes using both high and low-density traffic 
scenarios.  For UAT ADS-B equipment, the installed performance of these equipment 
classes is defined by Table 2-1.  

Aircraft systems supporting both transmission and reception of UAT Messages, termed 
Class A UAT Systems, are defined by equipage classification according to the provided 
user capability.  All Class A UAT Airborne configurations support the provision of at 
least basic air-ground ATC surveillance services.  The variations listed below are 
primarily distinguished by their support of air-to-air applications.  The following types of 
Class A1 systems are defined: 

1. Class A0: Supports minimum Message transmission and reception capability for 
UAT ADS-B participants that always operate below 18,000 feet MSL.  Air-to-air 
ADS-B applications for this Class of equipage are supported to a range of at least 10 
NM between participants.  Broadcast UAT ADS-B Messages are based upon own-
platform source data. UAT ADS-B Messages received from other aircraft support 
generation of UAT ADS-B reports that are used by on-board applications.  

2. Class A1: Supports all class A0 functionality and supports ADS-B air-to-air 
applications to a range of at least 20 NM between participants.  For UAT, the A1 
equipage class has been divided into two classes.  For A1 aircraft that always operate 
below 18,000 feet MSL, the “A1 Low” class is created, and abbreviated throughout 
this document as “A1L.”  For A1 aircraft that have no altitude operating restrictions, 
the “A1 High” class is created, and abbreviated throughout this document as “A1H.”  

                                                      
1 There may be future recognition of Receive-Only configurations in which the requirements for an appropriate Class 
A Receive capability are met.  Such configurations would be intended for use only in aircraft that support an 
interactive capability on an alternate ADS-B data link. 
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The major equipment performance difference between classes A1L and A1H is the 
Transmitter RF output power. 

3. Class A2: Supports all Class A1 functionality and additionally provides extended 
range for ADS-B air-to-air applications of at least 40 NM and information processing 
to support longer range applications.  This service requires the broadcast and receipt 
of intent information contained in Target State and Trajectory Change reports. 

4. Class A3: Supports all Class A2 functionality and has additional range capability for 
UAT ADS-B air-to-air applications between A3 equipped users of at least 120 NM.  
Class A3 has the ability to broadcast and receive multiple Trajectory Change reports 
(analysis indicates that the exchange of a second Trajectory Change report at 
distances of 120 NM is accomplished at approximately one-half of the update rate of 
the first Trajectory Change report). 

 

The UAT SARPs refer to “Basic” and “High Performance” receivers.  Class A3 
equipment employs the High Performance receiver and the remaining Class A 
equipments employ the Basic receiver.  

The High Performance Receiver employs a narrower bandwidth filter to allow it to better 
reject DME emissions at 979 MHz.  The narrow bandwidth introduces some distortion of 
the desired signal that degrades the co-channel performance.  However the benefit of 
rejecting the DME energy offsets this effect in terms of overall performance.  The full 
effect of the narrow bandwidth filter was accounted for in the performance assessments 
in Appendix B. 

Some UAT ADS-B system participants will not need to receive information from other 
participants but will only need to broadcast their State Vector and associated data.  Class 
B UAT ADS-B systems meet the needs of these participants.  Class B UAT systems are 
defined as follows: 

1. Class B0: Aircraft broadcast-only system.  Class B0 systems require an interface 
with own-platform navigation systems.  Class B0 systems require transmit powers 
and information capabilities equivalent to those of Class A0.  For UAT, Class B0 
installations are on aircraft that always operate below 18,000 feet MSL. 

2. Class B1: Aircraft broadcast-only system.  Class B1 UAT systems require an 
interface with own-platform navigation systems.  Class B1 UAT systems require 
transmit powers and information capabilities equivalent to those of Class A1H. 

3. Class B2: Ground vehicle broadcast-only UAT ADS-B system.  Class B2 UAT 
systems require a high-accuracy source of navigation data and a nominal 5 NM 
effective broadcast range.  Surface vehicles qualifying for UAT ADS-B equipage 
may be limited to those that operate within the surface movement area. 

4. Class B3: Fixed obstacle broadcast-only UAT ADS-B system.  Collocation of the 
transmitting antenna with the obstacle is not required as long as broadcast coverage 
requirements are met.  Structures and obstructions identified by ATS authorities as 
safety hazards may have their positions communicated to aircraft using UAT. 
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Class C UAT ADS-B systems are used at UAT ground stations (see §2.5). 

The complete set of ADS-B information transmitted will vary somewhat for each 
equipment class as determined by the schedule of ADS-B Message payloads to be 
transmitted by each equipment class (see §3.1.1 of this Manual).  Receiving applications 
can infer the equipment class of a system participant by observing the set of ADS-B 
Message payloads being received from each participant.  Certain air-to-air applications 
may require the receiving application to determine the applications supported by ADS-B 
targets under surveillance.  In the future this information will be explicitly encoded in the 
payload of the Mode Status Element (see the UAT Technical Manual §2.1.5.4).   
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Important characteristics of the UAT ADS-B Class A and Class B equipage classes are 
summarized in Table 2-1.  

 

Table 2-1: Examples of UAT Installed Equipment Classes 

Intended Antenna Diversity 
(when Airborne for Classes A & B0-B1) Equipage Class 

Air-to-Air 
Application 

Ranges 
Supported 

Transmit RF Power 
Delivered to 

Antenna System 
Transmit Receive 

A0 10 NM Single Antenna 
(see Note 4) 

Single Antenna 
(see Note 4) 

A1L 

Low Power 
(Altitude always 

 below 18,000 feet) Alternating 
every 2 sec. 

Alternating 
every sec. 

A1H 
20 NM 

Medium Power Alternating 
every 2 sec. 

Alternating 
every sec. 

A2 40 NM Medium Power Alternating 
every 2 sec. Dual Receiver 

A3 120 NM High Power Alternating 
every 2 sec. Dual Receiver 

B0 10 NM 
Low Power 

(Altitude always 
 below 18,000 feet) 

Single Antenna 
(see Note 4) n/a 

B1 20 NM Medium Power Alternating 
every 2 sec. n/a 

B2 5 NM +28 to +32 dBm Single Antenna n/a 

B3 5 NM +30 dBm (minimum) Single Antenna n/a 

Notes: 

1. See §2.4.2.1 for definition of Transmitter RF power levels. 

2. Transmitter RF power requirement depends on the aircraft maximum altitude 
capability.  Low-altitude aircraft (maximum certified altitude for aircraft <18,000 
feet MSL) need not support the higher-power transmitter requirements due to line-
of-sight limitations. 

3. Top antenna is not required if use of a single antenna does not degrade signal 
propagation.  This allows for single antenna installation on radio-transparent 
airframes. 

4. For a single-antenna installation, antenna gain pattern performance should be 
shown at least equivalent to that of a quarter-wave resonant antenna mounted on the 
fuselage bottom surface. 
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5. For further information on Antenna diversity see RTCA DO-282, §2.2.8.1 and 
§2.2.6.1.3 or equivalent certification guidance. 

2.4.2.1 Transmitting Subsystem 

A UAT ADS-B Transmitting Subsystem is classified according to the unit’s range 
capability and the set of parameters it is capable of transmitting.  Table 2-2 defines the 
transmitter power levels.  Power levels are measured in terms of power presented to the 
transmitting antenna. 

Table 2-2: Transmitter Power Levels 

Power 
Classification 

Minimum Power 
at Antenna 

Maximum Power 
at Antenna 

Low 7.0 watts (+38.5 dBm) 18 watts (+42.5 dBm) 

Medium 16 watts (+42 dBm) 40 watts (+46 dBm) 

High 100 watts (+50 dBm) 250 watts (+54 dBm) 

Note: These transmitter power levels are referenced to the power at the antenna end of 
the cable that connects the UAT equipment to the antenna.  The performance 
assessments in Appendix B assume transmit antenna gain of 0 dB in the 
horizontal direction, with a maximum gain of 4 dB at 25 degrees from the 
horizontal.  Alternate means that demonstrate equivalent performance can be 
used.  Refer to Appendix H in this Manual for guidance. 

2.4.2.2 Receiving Subsystem 

All Class A receivers have the same sensitivity requirements.  The receiver sensitivity at 
the receiver antenna end of the cable connecting the antenna to the equipment (after 
antenna gain and before cable loss), for 90% Message Success Rate in the absence of 
interference, is –93 dBm for Long UAT ADS-B Messages, –94 dBm for Basic UAT 
ADS-B Messages, and –91 dBm for Ground Uplink (ground-to-air) messages.  
Performance of Class A receivers in the presence of interference is discussed in 
Appendices B and D.   

2.5 Ground Station Operation 

The UAT ground station will operate as a UAT ADS-B sensor similar to that of airborne 
units.  The UAT System has been designed to support line-of-sight air-to-ground ADS-B 
coverage from a single ground station, even in future high-density airspaces.  The ground 
subsystem will also be capable of transmitting UAT Ground Uplink Messages in one or 
more of the 32 assigned Ground Segment time slots.  TIS-B uplink from a UAT ground 
station can utilize the UAT ADS-B Message format and the ADS-B segment of the UAT 
frame; in this event, the avionics receiving subsystem makes no distinction in its 
processing of UAT ADS-B and TIS-B data (although the airborne application can 
distinguish these via the Address Qualifier field).  Alternatively, in particular traffic 
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environments, a UAT ground station may transmit TIS-B information in one or more of 
the 32 assigned Ground Segment time slots.  

The typical UAT Ground Station antenna is 6-8 dBi gain, omni-directional, and DME-
like.  High-density traffic environments may require use of separate transmit and receive 
antenna, and/or sectorized receive antenna (see Appendix H of this Manual).  The air-
ground performance estimates of Appendix B assume a Ground Station receiver 
sensitivity of –98 dBm, measured at the receiver end of the cable connecting the UAT 
equipment to the Ground Station antenna.  Figure 2-4 gives an overview of the ground 
station.   

 

T/R 

TIS-B Reports, 
uplink data  

ADS-B Reports 
UAT Ground Station 

Transceiver 
Application 
Processor(s) 

Timing 
Reference 

 

Figure 2-4: UAT Ground Station Simplified Block Diagram 

A single Ground Station antenna/transceiver is capable of supporting the following 
functions: 

1. Receiving air-ground UAT ADS-B Messages and producing UAT ADS-B reports. 

2. Providing time-of-arrival measurement of UAT ADS-B receptions for range-to-target 
measurement that is independent of the ADS-B reported position.   

3. Ground broadcast service uplink (e.g., TIS-B, FIS-B). 

4. Providing timing beacon to airborne users that can provide backup timing (see the 
UAT Technical Manual, §3.1.1.2(c)).   In order to implement this backup timing 
capability the Ground Station will need to provide Ground Uplink Messages on a 
regular basis. 

Networked Ground Stations with overlapping coverage can support surveillance based 
on the “multilateration” technique even if the aircraft that is under surveillance does not 
have a position available to be reported within its UAT ADS-B Message. 

Additional guidance on operation of ground infrastructure including network aspects and 
interference considerations is provided in Section §6 of this Manual. 
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3 Scheduling of UAT ADS-B Messages 

3.1 Payload Selection Cycle 

UAT ADS-B Messages payload types shall be transmitted according to a payload 
selection cycle defined to ensure timely transmission of appropriate ADS-B information.  
For the equipment classes of Table 2-1, UAT ADS-B Messages of seven different 
payload types (out of 32 possible payload types) have been defined.  Each equipment 
class transmits up to four of these payload types in a pre-determined sequence: Payload 
Selection (PS)-A, PS-B, PS-C, and PS-D. 

3.1.1 ADS-B Payload Type Allocation 

For the equipment classes of Table 2-1 of this Manual, Table 3-1 below specifies the 
payload selections, using UAT ADS-B Payload Type Codes defined in Table 2-2 of the 
UAT Technical Manual. 

Table 3-1: Payload Type Code Allocation 

Equipment Class PS-A PS-B PS-C PS-D 
A0, A1L, A1H, B0, B1 1 0 2 0 
A1H, B1 (see Note 2) 3 6 0 6 
A2 1 4 4 4 
A3 1 4 5 4 
B2, B3 1 0 0 0 

Notes:  

1. This schedule is to be followed regardless of the unavailability of any payload fields. 

2. Optional Payload Type Code assignment if the installation can support transmission 
of Target State information. 

 

3.1.2 Message Transmission Cycle 

A message transmission cycle of 16 seconds is defined to ensure a proper mix of 
message payloads for installations that support ADS-B Message transmission from dual 
(diversity) antennas.  When an aircraft is determined to be in the AIRBORNE condition, 
transmissions shall occur through Top (T) (if so equipped) and Bottom (B) antennas 
each Message Transmission Cycle as shown in Figure 3-2. 
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Antenna T T B B T T B B T T B B T T B B 

PS # A B C D D A B C C D A B B C D A 

Seconds 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

Time

Message Transmission Cycle

 

Figure 3-2: Transmitter Antenna Use for Diversity Installations 

Notes:  

1. There is no requirement that transmission cycle boundaries be aligned among A/Vs; 
it is used only to ensure proper mix of transmitted message types. 

2. For receivers with antenna diversity provided by switching according to §TBD, this 
transmission pattern ensures that each payload type is communicated via each 
possible transmit/receive antenna combination (T/T, T/B, B/T, B/B) once during each 
16 second cycle.  It also minimizes the maximum spacing between any two 
transmissions of the same type. 

When an aircraft is determined to be in the ON-GROUND condition, the top antenna (if 
so equipped) shall be selected for all transmissions.  The transmission sequences are as 
shown in Figure 3-2, second and third rows. 
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4 UAT Transmitter Input Requirements 

a. The UAT ADS-B Transmitting Subsystem should accept the input data elements 
listed in Table 4-1 via an appropriate data input interface and use such data to 
establish the corresponding ADS-B Message contents.   

b. Data elements indicated as “Optional,” that have no input interface, should always 
indicate the “data unavailable” condition, or be processed using the “data 
unavailable” procedures related to that element. 
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Table 4-1: UAT ADS-B Transmitter Input Requirements 

Applicability to UAT Equipment Class 
E

le
m

en
t #

 

Input Data Element Relevant 
Paragraph 

Data 
Lifetime 
(seconds) A0, 

B0 A1L A1H, 
B1 A2 A3 B2 B3 

1 ICAO 24-bit Address  No limit M M M M M M (1) M (1) 

2 Latitude (2)  2 M M M M M M M 
3 Longitude (2)  2 M M M M M M M 

4 Altitude Type Selection 
(Barometric vs Geometric)  60 O O O O O n/a M 

5 Barometric Pressure Altitude  2 M M M M M n/a n/a 
6 Geometric Altitude  2 M M M M M n/a M 
7 NIC  2 M M M M M M M 

8 Automatic AIRBORNE / ON-
GROUND Indication  2 O O M M M n/a n/a 

9 North Velocity (2)  2 M M M M M M M 
10 East Velocity (2)  2 M M M M M M M 
11 Ground Speed  2 O O M M M O n/a 
12 Track Angle  2 O O M M M n/a n/a 
13 Heading  2 O O M M M n/a n/a 
14 Barometric Vertical Rate  2 M M M M M n/a n/a 
15 Geometric Vertical Rate (2)  2 O O O O O n/a n/a 
16 A/V Length and Width, and POA  No limit M M M M M M M 
17 UTC 1 PPS Timing (2)  2 M M M M M M M 
18 Emitter Category  No limit M M M M M M M 
19 Call Sign  60 M M M M M O O 

20 Emergency / Priority Status 
Selection  60 M M M M M O n/a 

21 SIL  60 M M M M M M M 
22 NACP 

(2)  2 M M M M M M M 
23 NACV 

(2)  2 M M M M M n/a n/a 

24 NICBARO  2 
Can be 

internally 
“hard coded” 

M M M n/a n/a 

25 CDTI Traffic Display Capability  60 M M M M M n/a n/a 
26 TCAS Installed and Operational  60 M M M M M n/a n/a 

27 TCAS/ACAS Resolution Advisory 
Flag  18 

Required only if ADS-B Transmitting Subsystem is 
intended for installation with TCAS/ACAS; otherwise 
can be “hard coded” 

28 IDENT Selection  60 M M M M M M n/a 
29 “Receiving ATC Services” Flag  60 M M M M M M n/a 
30 “True/Magnetic” Indicator Flag  60 n/a n/a O M M M n/a 
31 Heading / Track Indicator  60 n/a n/a O M M n/a n/a 

32 Target Source Indicator 
(Horizontal)  60 n/a n/a O M M n/a n/a 

33 Horizontal Mode Indicator 
(Horizontal)  60 n/a n/a O M M n/a n/a 

34 Target Heading or Track Angle  60 n/a n/a O M M n/a n/a 
35 Target Altitude Type   60 n/a n/a O M M n/a n/a 
36 Target Source Indicator (Vertical)  60 n/a n/a O M M n/a n/a 
37 Mode Indicator (Vertical)  60 n/a n/a O M M n/a n/a 
38 Target Altitude Capability  60 n/a n/a O M M n/a n/a 
39 Target Altitude  60 n/a n/a O M M n/a n/a 
40 Radio Altitude  2 O O O O O n/a n/a 
41 Pressure Altitude Disable  No limit M M M M M n/a n/a 
42 Airspeed  2 O O O O O n/a n/a 

O = Optional M = Mandatory (the equipment must have the ability to accept the data 
element) 

 n/a = not applicable to this equipage class 

Notes: (1) Non-Aircraft Identifier may be assigned by Regulatory Authority. 
(2) If input is not directly accessible, a means to verify the encoding must be 
demonstrated. 



  27    

  © 2004   

 

5 UAT Aircraft Installation Guidance 

5.1 Sharing antennae with SSR transponder 

A potential method of providing an antenna for the UAT is to use a passive frequency 
Diplexer that is installed between an existing transponder and its antenna.  The use of a 
Diplexer to operate UAT equipment and the on-board SSR transponder must insure 
proper operation of UAT equipment and SSR transponders.  Certain characteristics were 
critical to enable the use of a Diplexer.  The power loss across the Diplexer was an 
important consideration.  The typical cable attenuation that installations allow between 
the SSR transponder and antenna is 3 dB.  The Diplexer cannot use up a significant 
portion of this allocation without eliminating most existing transponder installations as 
candidates for UAT antenna sharing.  The requirement that the Diplexer loss cannot 
exceed 0.5 dB is expected to enable most existing installations to use a Diplexer and 
share the transponder antenna.  The goals of the Diplexer design were to support a 
transponder port that would minimize the insertion loss in the 1090 / 1030 MHz band 
and possessing adequate passband so that 1030 MHz interrogation signals and 1090 MHz 
reply signals were unaffected by the Diplexer.  An optional DC path in the Diplexer’s 
transponder channel is allowed so that installations that require antenna sensing can 
maintain the capability to sense the presence of an antenna.  The Diplexer’s transponder 
channel will attenuate signals at 978 MHz, providing isolation from the UAT.  In some 
cases, Diplexer isolation actually exceeds the level of isolation obtained by using 
separate transponder and UAT antennas.  The latter is a function of distance between 
antennas.  The UAT’s Diplexer port can provide minimal insertion loss to the antenna at 
978 MHz while manifesting a high impedance at the 1030 / 1090 MHz band. 

5.1.1 Optional Diplexer Requirements 

An option to use a passive frequency Diplexer is provided to allow sharing of a single 
antenna between the ATCRBS/Mode S Transponder and the UAT unit is provided 
herein.  Sharing a common antenna between the two systems may be desirable in aircraft 
to minimize antenna installation cost and complexity.  The Diplexer is a passive device 
and consists of three ports that provide connectivity from the UAT port to the antenna 
port (UAT Channel) and connectivity from the ATCRBS/Mode S port (Transponder 
Channel) to the antenna port.  The UAT Channel frequency response requirements insure 
adequate passband bandwidth around the 978 MHz UAT frequency to insure that UAT 
signal integrity is maintained through the UAT unit, Diplexer and antenna path.  
Likewise, the Transponder Channel frequency response requirements insure adequate 
passband bandwidth around the 1030 MHz and 1090 MHz frequencies to insure that 
interrogation and reply signal integrity is maintained through the transponder, Diplexer 
and antenna path.  The Diplexer characteristics must insure that performance of both the 
UAT and Transponder systems is equivalent to their performance without the Diplexer 
with the exception of the attenuation and delay of signal through the Diplexer.  The 
insertion loss and delay characteristics of the Diplexer must be taken into consideration 
when determining cable loss and cable delay budgets between the UAT unit and antenna 
and the Transponder and the antenna.  The use of the Diplexer does not preclude the 
UAT from driving the suppression bus during UAT transmissions.  Diplexer installations 
must include connection and use of the suppression bus driven by the UAT and received 
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by the Transponder.  Installations that incorporate the Diplexer must insure that the off 
frequency power seen by the front end of the UAT equipment and the ATCRBS/Mode S 
transponders through the Diplexer are within the design tolerances of each unit to insure 
proper operation.  The design of the UAT needs to consider the power seen at the input 
from the transponder and it should be verified that the transponder design can handle the 
UAT power through the isolation provided by the Diplexer. 

5.2 Ensuring compatibility with SSR if not sharing antennae 

5.3 Delivery of timing signals to the UAT system 

5.3.1 Background 

This UAT Technical Manual contains timing requirements related to both the 
transmission of ADS-B Messages and reception of ADS-B and Ground Uplink 
Messages.  The primary objective of these requirements is to support a range 
measurement between an ADS-B Transmitting and Receiving Subsystems that is 
independent of the ADS-B reported position data.  This range calculation can be made 
from knowledge of the precise Time of Message Transmission (TOMT) and Time of 
Message Receipt (TOMR) of ADS-B Messages.  An ADS-B validation application can 
compare this one-way time of propagation range measurement with the range determined 
from the ADS-B Message to increase confidence that the message came from a bona fide 
transmitter.  As an example, certain pairwise procedures may only be authorized when 
the opposing target passes some range validation criteria. 

This ADS-B validation procedure is only available in cases where both the transmitting 
and receiving stations are UTC coupled, that is, they are receiving time from a 
GPS/GNSS source or equivalent.  A non-UTC coupled condition can occur due to a 
temporary unavailability of the GPS/GNSS source or equivalent.  At any given time, a 
UAT transmitter is obligated to announce whether or not it is in the UTC coupled state. 

 

5.3.2 Purpose 

The purpose of this section is not to design or specify an ADS-B validation application.  
Instead, the purpose is the following: 

 

1. Document the expected total installed end-to-end timing performance as guidance to 
UAT installers and to developers of ADS-B validation applications. 

2. Provide rationale for the timing related requirements given in the UAT Technical 
Manual in the context of the expected total installed performance. 

3. List additional considerations for developing an ADS-B validation application. 
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5.3.3 Installed End-End Timing Performance  

Listed below are the identified components of possible timing errors and their assumed 
worst-case values using a GPS/GNSS source as an example. 

 
a) Errors due to the GPS signal in space: This is assumed bounded by the performance 

specifications of the GPS Standard Positioning Service with SA OFF.  Uncertainty 
range = -100 to +100 ns. 

 
b) GPS antenna and coax effects. This is assumed bounded by a 20 meter maximum 

installed cable length.  Uncertainty range = -0 to +66 ns 
 

c) GPS-UTC time offsets:  This is applicable to GPS receivers that output GPS time 
instead of UTC time.  Since GPS sensors that may be used for ADS-B are not 
required to make the UTC correction, this offset must be included.  GPS 
specifications allow GPS time to deviate from UTC time by up to 1 microsecond.  
This is expected to be very conservative. .  Uncertainty range = -1000 ns to +1000 
ns. 

 
d) Delays due to interconnection of GPS sensor and UAT:  This component applies to 

installations with external UTC coupled time source.  Allowance is needed for 
delays induced in lightening protection filters and interconnect cable capacitance 
between the GPS/GNSS sensor and the UAT.  Total uncertainty range based on tests 
has been determined to be = -0 to +800 ns. 

 
e) UAT Tx/Rx time errors:  errors due to control of transmitter turn on and in marking 

message time of arrival within the receiver.  An uncertainty range specifically for 
this component is established in the UAT Technical Manual.  Uncertainty range = -
500 ns to +500 ns. 

 
f) UAT antenna/coax effects: This is assumed bounded by a 20 meter maximum 

installed cable length.  Uncertainty range = -0 to +66 ns 
 

While some of the timing errors are of a fixed offset nature, it was determined that any 
form of timing calibration procedure required of the UAT system installer would be 
undesirable. 

Table 5-1 shows the worst case timing offset possible between a transmitting UAT and a 
receiving UAT given the individual error components listed above.  This suggests that a 
value just under 0.7 NM would represent the absolute worst-case range measurement 
error due to timing offsets between transmitter and receiver under normal (UTC 
Coupled) conditions. 
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Table 5-1: Transmitter to Receiver Time Offset Worst Case 

Transmitting 
Station Receiving Station 

Worst Case 
transmitter-to-

receiver relative 
timing offset 

Error Component 

Min Max Min Max Min Max 
a) GPS signal in 
space -100 +100 -100 +100 -200 +200 

b) GPS cable delay -0 +66 -0 +66 -66 +66 
c) GPS-UTC time 
offset -1000 +1000 -1000 +1000 -2000 +2000 

d) GPS-UAT 
interconnect delay -0 +800 -0 +800 -800 +800 

e) UAT Tx time 
accuracy -500 +500 N/A N/A -500 +500 

f) UAT Rx time 
stamp accuracy N/A N/A -500 +500 -500 +500 

g) UAT cable delay -0 +66 -0 +66 -66 +66 
Total Worst case of all Components è  -4132 +4132 

 

For comparison, note that if both the transmitter and receiver both use GPS time where 
the GPS receiver is internal to the UAT equipment, then two of the major components (c 
and d) of timing offset error are largely eliminated.  In this case the absolute worst-case 
range measurement error due to timing offsets between transmitter and receiver would be 
about 0.25 NM. 

 

5.3.4 UAT Timing Requirements  

There are essentially two UAT Technical Manual requirements related to timing: one 
related to control of ADS-B Message transmission, and one related to time stamping of 
message receipt.  The requirements are treated separately depending on whether the UTC 
coupled time source is internal or external.   

 

Message Transmission Timing: 

The UAT Technical Manual section §3.1.2.2 on “Relationship of the MSO to the 
Modulated Data” specifies the requirement for ADS-B Message transmission timing.  

1. When an internal UTC coupled time source is used, the requirement and test is 
designed to verify uncertainty components c) (GPS-UTC) and e) (UAT Tx time).  
This is accomplished by applying an actual or simulated GPS input to the UAT such 
that the GPS signal presents minimal timing uncertainty.  The maximum timing error 
allowed is 500 ns. 

2. When an external UTC coupled time source is used, the requirement and test is 
designed essentially to account only for part of component d) (GPS interconnection 
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delays) and component e) (UAT Tx time).  This is accomplished by applying a test 
1PPS or Time Mark input that is essentially free of uncertainty components a), b), c), 
and most of d).  The maximum timing error allowed is 500 ns. 

 

Accuracy of Time Stamping on Message Receipt: 

The UAT Technical Manual section §4.1.1 on “Receiver Time of Message Receipt” 
specifies the requirement for time-stamping of received messages.   

1. When an internal UTC coupled source time source is used, the requirement and test 
is designed to verify uncertainty components c) (GPS-UTC) and e) (UAT Rx 
timestamp).  This is accomplished by applying an actual or simulated GPS input to 
the UAT such that the GPS signal presents minimal timing uncertainty.  The 
maximum timing error allowed is 500 ns. 

2. When an external UTC coupled time source is used, the requirement and test is 
designed essentially to account only for part of component d) (GPS interconnection 
delay) and component e) (UAT Rx timestamp).  This is accomplished by applying a 
test 1PPS or Time Mark input that is essentially free of uncertainty components a), 
b), c), and most of d).  The maximum timing error allowed is 500 nanoseconds. 

 

5.3.5 Considerations for ADS-B Validation Applications 

Receiver Time of Message Receipt (TOMR) 

The UAT Technical Manual details the requirements for accuracy and resolution of 
making the raw measurements on which a range calculation can be made.  TOMR is 
relative to the start of the UTC second, and typically is measured in units of 100 
nanoseconds. 

The UAT receiver or an external application can directly calculate the range to the target 
by knowing how many whole and fractions of an MSO  (250 microseconds) elapsed 
between transmission and receipt of the message.  The fractional portion is directly 
calculated from each SV report received, which gives fine-scale resolution to about 30 
meters (100 nanoseconds times 3.0e+8 meters/second).  The integer portion provides 
resolution of about 40.47 NM (250 microseconds times 3.0e+8 meters/second) 

 

Acquisition of full TOMR Range 

The full TOMR range (integer and fractional parts) can be determined once a Long 
message containing the Transmission Epoch field has been received (the Long Type 1 
message).  The Transmission Epoch field has sufficient span to unambiguously identify 
in which MSO the message was transmitted.  The receiving UAT or the external 
application can then calculate the integer portion of TOMR, and derive of the full TOMR 
value. 
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Once the full TOMR range has been acquired, the fractional portion can be used to 
maintain a track of the range value during the interval between receipts of a message 
containing the Transmission Epoch. 

 

TOMR Range Filtering 

Due to plant noise and other physical effects, one can expect the raw TOMR range 
values will require some filtering prior to use.  An alpha-beta recursive filter, which 
allows for uneven time between message receptions (because of dropped messages, etc.), 
can be used to both smooth and predict range values. 

 

Correlation of TOMR Range vs. SV-based Range 

Slant Range: The filtered range value includes the slant range effects, and will normally 
exceed the great-circle range calculated from the SV position of the target and the 
ownship SV position.  The correlation of the target’s range will require either some 
compensation of the great-circle range to include an estimate of the slant range, or a 
correlation window that has greater tolerance for increased slant range at high elevation 
angles.  Since it is possible that some targets may not be reporting their altitude, 
provision must be made for cases where slant range compensation is not possible. 

Datalink latency: One other phenomenon affecting the TOMR range calculation is that 
the range measured is based on the time of transmission, while the SV-based range 
calculation is based on the message Time of Applicability.  This can lead to some 
additional variation between the measured and calculated range, which would be 
particularly noticeable in head-on or reciprocal encounters at high velocity.  For 
example, at a closing rate of 1200 knots, the range closes at about 620 meters per second.  
The range differential amounts to at most 0.33 NM. 

Note that for a given pair of aircraft, most of the timing errors can either be compensated 
for, or are fixed intervals.  This allows the possibility that the residual range differential 
(after removal of fixed or compensate-able errors) could be used as an independent 
means of closure rate measurement. 

 

6 UAT Ground Infrastructure 

This section describes the working concept for a UAT ground infrastructure.  This 
infrastructure supports the ground-air segment of the overall UAT network.  This is not 
intended to be a specification or set of requirements for such a ground infrastructure, but 
rather a context in which to understand the intentions of the UAT data link and the 
provisions made to support the ground infrastructure. 

6.1 General Description 

The role of the ground infrastructure is twofold: 
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1. To receive ADS-B broadcasts and generate a summary of the air traffic in a given 
area, possibly fusing it with other surveillance data (e.g. radar or multilateration 
systems).   

2. To transmit this traffic data along with other flight service information, e.g. weather, 
NOTAMS, and differential GPS corrections to the airborne traffic for use in the 
cockpit.   

There is considerable flexibility for the deployment and functionality of the ground 
infrastructure.  The receive and transmit functions may be physically separate and even 
have different providers, or they could be a single ground network of transceivers 
feeding an integrated system providing all the above functions.  This will probably be 
decided more by economics and regulations than by engineering design.  This section 
only describes enough of the system to allow understanding of the UAT data link and be 
reasonably sure that it will provide the necessary functionality. 

 

6.1.1 Uplink: Broadcast 

6.1.1.1 Geometric Coverage 

Due to the limited range and geometry of a single ground station, a network of ground 
broadcast transmitting stations will be required.  Each station will have associated with it 
two types of coverage.  One is the radio coverage of the transmitted signal.  This is the 
airspace that can be usefully reached by signal from the ground station.  The other type 
of coverage is the product coverage.  This is the geographic scope of responsibility the 
ground station assumes for each product (such as a weather map) broadcast.  Two 
product categories, TIS-B and FIS-B, are discussed separately, since they require 
different strategies. 

6.1.1.1.1 Radio Coverage 

In designing the radio coverage, there are two concerns.  One is the coverage being relied 
upon.  This is the minimum required coverage.  The other is the maximum coverage 
under the “best” conditions.  This can cause one station to interfere with another distant 
station. Minimum radio coverage is designed to assure a data link under worst-case cable 
loss, receiver sensitivity, unfavorable antenna attitude (a banking aircraft), etc.  When 
experiencing conditions better than the worst case, the coverage can be considerably 
greater.   

The UAT system uses time division multiplexing to allow multiple stations to operate on 
the same frequency.  At the designer's disposal are the 32 time slots within the Ground 
Segment of the UAT frame.  Since time slots must be re-used geographically, there is a 
potential for self-interference where radio coverage is greater than the designed 
minimum.  The allocation of one or more time slot resources to a given ground station 
based on some re-use pattern will mitigate this self-interference. 

As a sample coverage scheme, a hexagonal “cellular” pattern of ground stations with a 
nominal intersite spacing of 100 NM would assure coverage everywhere down to about 
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3000 feet above ground level (AGL).  (This is based on a 4/3 earth refraction model, a 
nominal antenna height, and ignores terrain effects.)  This intersite spacing would 
require a minimum broadcasting range of about 58 NM.  A longer range may be 
specified if overlapping coverage is desired.  A nominal coverage cell layout is shown in 
Figure 6-1.  In this example case, the radio coverage covers about half way into the 
adjacent cell, giving at least dual coverage to every point.  Such a system is tolerant of 
single station failures if the product coverage is sufficient, as discussed below. 

 

Individual radio
coverage of cell

FIS-B Product
coverage for
center cell

100 NM

TIS-B Product
coverage for a
cell

 
Figure 6-1: Example Coverage Cell Layout 

6.1.1.1.2 FIS-B Product Coverage 

The FIS-B product coverage and update rate can be tailored to suit the characteristics of 
individual products.  For example, products that are relatively small in terms of total data 
volume and that are updated infrequently such as Automated Terminal Information 
Service (ATIS) messages could have a relatively large product coverage (e.g., a circle of 
radius 500 NM) and a relatively low update rate.  A weather map product coverage 
should exceed the radio coverage by a significant amount.  This type of information 
requires a context much larger than one radio coverage cell to be meaningful. 

When an aircraft receives uplinks from multiple ground stations, it has the task of fusing 
these data.  This task can be minimized by having the ground infrastructure assure that 
redundant information from different ground stations is identical.  For example, adjacent 
uplink stations reporting precipitation strength for a given point or grid element should 
report exactly the same data.  Then the application in the aircraft need only associate the 
reports and choose either for displaying or processing (rather than averaging, 
interpolating, or inferring data integrity).  Note that with autonomous, isolated ground 
stations this is not an issue.   

Looking back at Figure 6-1, a sample product coverage is shown along with radio 
coverage for a single cell.  For this coverage, there is ample overlap for at least dual 
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coverage of any point and a seamless, consistent picture of the product as the aircraft 
flies through, even with failure of a single ground station.   

6.1.1.1.3 TIS-B Product Coverage 

A product such as traffic data (TIS-B) calls for a relatively high update rate and a smaller 
coverage area to keep data link bandwidth requirements at a reasonable level.  TIS-B 
product coverage, in contrast to FIS-B data, should actually be smaller than the radio 
coverage, assuming that the radio coverage has significant overlap to assure no coverage 
gaps.  TIS-B overlap between sites should be just enough to assure service continuity 
across the boundary.  This approach keeps the link bandwidth as low as possible and 
minimizes the burden on the ADS-B Receiving Subsystems to eliminate redundant 
reports. 

6.1.1.2 Data Source For Ground Broadcast 

Contents of the ground broadcast messages can be put in the following categories: 

1. Flight Information Services-Broadcast (FIS-B) – the broadcast distribution of 
weather and aeronautical information. 

2. Traffic information from other surveillance sources (radar, multilateration) – this 
augments the ADS-B data received directly from the air-to-air link. 

3. ADS-B data collected from non-UAT links. 

4. Other. 

In the UAT data link, FIS-B and “other” information is sent during the ground broadcast 
segment.  Traffic uplink (TIS-B) data can be sent during the air-to-air segment of the 
UAT epoch in a form similar to the air-to-air format or during the ground segment in a 
special uplink format. 

There are many possible configurations for the flow of information for the uplink 
stations.  Not all stations need to be configured the same way.  The one chosen will 
depend on the products being provided.  In any case, the UAT equipment is a minor part 
of the ground system.  The system will be primarily defined by the ground 
communication links (satellite, land line (phone, fiber) or microwave or other dedicated 
RF link), by the sources of the data for ground broadcast (radar, multilateration, weather 
observation and forecast), and by the applications that fuse this data and generate the 
ground broadcast reports.   

 

6.1.2 Downlink: Surveillance 

ADS-B data being transmitted by aircraft will be received (in general) at multiple ground 
receiving stations.  This redundancy is readily fused since all stations are receiving the 
same message contents.  Because of the required frame synchronization of all UAT 
transmitters and receivers, there is ample accuracy in the time-of-arrival stamp on each 
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message to readily associate them and merge them.  No averaging or weighting need be 
done on the contents as they are all the same.   

A rough range from the receiving station can be determined from the Transmission 
Epoch (MSO number) inferred by the receiver or actually provided in some ADS-B 
Messages (see Section 5.3).  A very accurate time stamp on arrival and a more accurate 
receiver synchronization would allow multilateration on ADS-B reports received at 
multiple ground stations.  Either method of independent position verification can be used 
in a health monitoring check on the reports (a check of the on-board GPS equipment in 
the aircraft).   

6.1.3 Summary of Infrastructure and Implications  

Figure 6-2 shows a generalized diagram of the components and interconnnect of a 
ground infrastructure for the UAT data link.  Many variations of this general structure 
are possible.  Transmitters and receivers may or may not be co-located.  Different sites 
may have different levels of service.  This data link will have to support a transition 
period for a considerable time period before the fleet is fully equipped.  The UAT data 
link has the necessary flexibility to handle these conditions.   

Because of the generality of the data link, the system can be expanded as the ground 
infrastructure is developed and “filled in.”  The UAT ground station is adapted to each 
specific deployment by the application driving it.   

The characteristics of the UAT link required to support this general structure are in the 
areas of time stamps and predictable latency, one second frame synchronization, time 
division coordination of adjacent ground cells, and a waveform tolerant of self-
interference.   
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Figure 6-2: General Form of Ground Infrastructure 

6.2 Ground Station Deployment 

6.2.1 Time Slots 

The UAT data link has 32 uplink time slots available within the Ground Segment of the 
UAT frame.  As described in §3.2.2 of the UAT Technical Manual, this results in 32 
channels, where each channel represents the incremental resource that can be assigned to 
ground station transmitters so they can operate without mutual interference.  A 
conservative approach to allocating the channels is to give one channel to each ground 
station.  In a hexagonal deployment, for example, the nearest station using the same 
channel as a given station will on average be about 6 cell spacings away.  (A cell and 3 
tiers around it totals 37 cells.  This is roughly a circle with a diameter of 7 individual cell 
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spacings.)  Considering propagation loss and the horizon, there would be essentially no 
chance of significant interference.   

It will be desirable to have higher reuse in practice.  This will allow the uplink 
bandwidth necessary for each ground station to deliver its entire product.  A re-use 
pattern of 7 will meet this objective by allowing cells to re-use a given channel to be 
separated by about 2.5 cell diameters as shown in Figure 6-3. 

BGE

CDAF

BGE

AF

CD
 

Figure 6-3: 7-Cell Re-Use Pattern  

6.2.2 Antenna Considerations for Uplink 

Considering the cell re-use described above, the possibility arises for self-interference 
with the UAT signal. The Ground Uplink Message can readily be received in self-
interference if the interference is sufficiently below the desired signal level.  The 
required ratio depends on the target density and distribution.  The two figures below 
show a self-interference analysis for a given set of ground station assumptions.   

• 7 cell reuse pattern  

• 90 NM intersite spacing of ground stations 

• 10 dB desired/undesired signal ratio for successful operation. 

Each figure shows two sets of seven cells in a repeating reuse pattern as in Figure 6-3.  
Consider the two cells labeled “G” sharing channel resources.  The shaded area in each 
figure represents the area where neither ground station can be successfully received due 
to the fact that the signal strength ratio between the desired and undesired station falls 
below 9 dB.  The curved arcs are the line-of-sight limits for a 40,000 foot target for each 
“G” station. 

Figure 6-4 is the interference analysis using low gain ground station antennas much like 
that on an aircraft.  The shaded area confines itself to the area between and outside of the 
cells of interest.  This is of no harmful consequence, as the other ground stations cover 
the area in between with non-interfering time slots.  
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Figure 6-4: Self-Interference with Low-Gain Antenna  

Figure 6-5 shows the results of the same analysis except that the transmit antenna is a 
Ground DME Antenna Type-10153 made by JTP Radiation Inc., which has a higher gain 
on the horizon but nulls at higher elevations.  There is an additional shaded region within 
each “G” cell due to the stronger signal from the distant site and the null at the desired 
site.  The use of the DME antenna for ground reception is beneficial to get gain on long-
range targets, but for transmit the interference produced by the far sites is harmful.   

This specific example shows that care must be taken in the selection of the transmit 
antenna with respect to the ground radio density to avoid substantive self-interference.  
An antenna with nulls that are less deep may be available.  Another approach is to space 
the cells and allocate cell re-use such that the nearest interfering station is over the 
horizon for targets in the vertical coverage region.  
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Figure 6-5: Self-Interference with DME-Type Antenna  

6.2.3 TIS-B Site ID 

Each station is assigned a TIS-B Site ID number (UAT Technical Manual §2.2.1.8).  
This number is not unique, having only a 4-bit value.  The purpose of the ID is to give a 
brief (few bits) way of identifying the source of a TIS-B uplink message.  This source 
identification is useful for confidence measures of time synchronization and to 
counteract spoofing.  In low-density areas, only one station with a given ID will be 
within reception range.  In more dense areas, more than one can be received (but not a 
large number) with the same ID and any range checking can be performed on all stations 
with that ID to get verification.   

As an example, consider a 7-cell reuse pattern of Channels.  Figure 6-6 shows an 
assignment of the 7 Channels (labeled A through G) and of the 16 TIS-B Site ID 
numbers (labeled 0 through 15).  To see the repeat pattern in this example, look at a cell 
with slot label “G” as the center of a 7-cell cluster.  A through F are clockwise around it.  
These clusters are then packed hexagonally.  This is just an illustrative example to 
demonstrate the idea.   

The approximate reception area of an aircraft is shaded in Figure 6-6.  The aircraft’s 
trajectory is shown by the arrowed line and the swath of the reception area is shown by 
the dotted lines.  During the Ground Uplink Segment, the aircraft is solidly receiving 
data in Channels A, B, D, and E (labeled A9, B14, D10, and E5).  The aircraft can tell 
that these stations are within a normal reception range based on the location broadcast in 
the uplink.   

Table 6-1shows a list of these locations and TIS-B Site ID’s as they can be kept in the 
aircraft’s ADS-B application.  The aircraft receives uplinks possibly from two different 
G Channels (G13 and G6).  It may get either or neither in any one-second epoch and may 
get both over many seconds.  In any event, it can place them into the table.  The same can 
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be said for two F Channels (F8 and F15).  The aircraft may also receive occasional data 
from cell C4.  Due to the trajectory of the aircraft, it has recently received information on 
one of the F Channels (F15) as well as other Channels (C11, E0, A4, and G8).  These 
channels are still in the table as well.  Entries can be dropped from the table when they 
are beyond range by some pre-determined amount.  At the time shown, there are two 
entries with TIS-B Site ID 4 and two with TIS-B Site ID 8.  Note that the Channel (A-G) 
in the table is for clarity of the example only.  It is not important for the range validation 
process or for any ground station function once propagation time has been computed. 
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Figure 6-6: Example of TIS-B Site ID and Channel  

 

Table 6-1: Example of Site ID Table 

TIS-B 
Site ID Location Channel 

9 lat long A 
14 lat long B 
4 lat long C 
10 lat long D 
5 lat long E 
13 lat long G 
6 lat long G 
8 lat long F 
15 lat long F 
11 lat long C 
0 lat long E 
4 lat long A 
8 lat long G 
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Each of these ground stations transmits TIS-B messages in the ADS-B Segment of the 
UAT frame.  Since these are in random MSO’s, they can all be received with high 
probability.  In addition, other more distant stations can transmit TIS-B messages and be 
received.  When any TIS-B message arrives with its Site ID (0-15), its apparent distance 
from the aircraft (from the time-of-arrival) can be checked with all entries in the table 
having that Site ID.  If it matches, that message is validated.  If not, it can be rejected as 
unreliable.   

It is possible that a legitimate TIS-B message can be rejected from a distant station based 
on this method, if the station is not on the list.  This is not a problem because if the target 
is important to the aircraft it will be included in the TIS-B uplinks of a nearer station 
giving good range validation checks.  This can be assured by the design of the product 
coverage for each cell.   

6.2.4 Sectorized Cells and Co-Site Transmission Isolation 

In some areas of dense air traffic, a ground station at maximum range can experience 
poor ADS-B target state update performance due to UAT self-interference.  In this event, 
the area of coverage might be reduced, but it is undesirable to have multiple equipment 
sites to cover the range.  An alternative solution to this problem is to co-locate several 
units with sectorized radio coverage.   

In cases where UAT ground equipment is co-located with other transmitting equipment 
at a nearby frequency (e.g. a DME/TACAN installation in Europe at 979 MHz,) it is 
desirable to get as much rejection of that interfering signal as possible.  In these cases, 
the same sectorized antenna mentioned above can also help.  Section 6.3 discusses the 
required signal rejection in cases of interference.   

Figure 6-7 shows a pattern for a 3-sector UAT ground station antenna.  The solid curve is 
one sector and the dashed curves are the other two sectors.  This pattern is representative 
of a DME-type column antenna with a reflector behind it to shape the pattern and block 
the backlobe.  Figure 6-8 shows two possible geometries that will produce isolation 
between co-sited DME equipment and UAT equipment.  The required isolation will 
depend on the power of the DME equipment and the desired maximum signal level of the 
interference at the UAT equipment.  Sections B.4.1 and B.4.2 in Appendix B discusses 
performance with various scenarios of DME/TACAN interference.  For a low-density 
scenario and a DME at 979 MHz, the UAT equipment can tolerate a DME level of –30 
dBm.  In a future Core Europe scenario, the tolerable level is –50 dBm.  This is 
discussed further in §6.3.2. 
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Figure 6-7: Sectorized Antenna Pattern (3 sectors) 
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(a)                                                                 (b) 

Figure 6-8: Possible antenna locations 

6.3 RF Interference 

There are two primary sources of interference from other systems at the UAT operational 
frequency of 978 MHz: JTIDS (Link 16) and DME.  There has been a considerable 
amount of analysis, simulation, and laboratory measurement to determine the working 
limitations of UAT with these other two systems.  Most of the issues occur with DME 
equipment and are discussed below.  
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6.3.1 JTIDS Interference 

The mutual effects of JTIDS and UAT are discussed in Appendix F.  In short, between 
the spread spectrum nature of JTIDS and the interference rejection of the UAT 
modulation, the systems operate compatibly.   

6.3.2 DME Interference 

An important source of interference to the UAT link operating at 978 MHz is DME 
equipment operating near that frequency.  For MASPS compliant operation of UAT, 
DME equipment at 978 cannot be co-located.  In the US, there are no operational DME 
installations at 978 MHz.  This frequency is allocated for DME ramp testers operating at 
a power level low enough to not interfere.  In Europe, there are a small number of 978 
MHz installations.  The effect of this is that ground stations co-located with this DME 
equipment will experience degradation of the update rate on aircraft in a dense 
environment.  This can be mitigated by separating the UAT and DME ground equipment 
and by reassigning the DME equipment to other frequencies as the UAT equipage grows 
to problem levels.   

For a DME/TACAN at 979 MHz and operating at 10 kW ERP, and for siting to allow at 
least 1000 foot separation of the DME and UAT omni-directional antennas, there is a 
DME/TACAN signal level of approximately –10 dBm at the UAT ground station.  Even 
with this separation (too large for many installations), Appendix B indicates that this 
power level gives enough interference to cause unacceptable update time for targets in a 
dense target scenario (Core Europe or LA 2020.)  In these scenarios, the interfering 
power level must be reduced to a level between –30 dBm (for minimum performance) 
and –50 dBm (for good performance).  If the site is using sectorized antennas (Section 
6.2.4) there may be, on the order of, a 25 dB attenuation by having the DME antenna in 
the UAT antenna backlobe.  Vertical stacking of the antennas may yield even more 
isolation.  The performance is ultimately a function of the interfering signal level.   

Other possible techniques to achieve the necessary isolation are a very sharp (e.g. tuned 
cavity) filter, or adaptive cancellation.  In the case of a filter, the approach would be to 
find a filter for the UAT receiver with acceptable in-band loss for the desired sensitivity 
to be achieved and then use the 979 MHz rejection of the filter to ease the burden on the 
antenna separation.  A representative filter will give less than 5 dB of in-band (insertion) 
loss while rejecting the out-of-band (979 MHz) interference by 40 dB.  This net benefit 
of 35 dB is available if the insertion loss can be tolerated by the receiver sensitivity and 
the intended range of the ground station. 

In the case of adaptive cancellation, an auxiliary array can be positioned to sample the 
interferer signal or it can be delivered by a direct connection.  The system can then 
adaptively subtract a replica of this sample from the received UAT signal to achieve the 
best signal-to-interference ratio.  This approach requires considerable equipment 
expense, but may be economical in difficult siting situations if it avoids needing 
additional sites. 

In environments where the nearest DME is at 980 MHz (or higher frequencies) instead of 
979 MHz, the above isolation techniques may not be necessary. 
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6.4 Multiple ADS-B Links 

It is likely that the ADS-B system in high-density airspaces will include multiple data 
links.  The UAT data link is capable of supporting a multi-link deployment.  Power 
levels and antenna locations are specified such that air-air as well as air-ground links are 
established over the coverage area.  This allows the ground infrastructure to obtain the 
UAT ADS-B picture and to supply to the air traffic any non-UAT ADS-B traffic using 
the TIS-B capability. 

 

7 Frequency Planning Criteria 

 

7.1 Use of 978 MHz for DME/TACAN 

Action Item: Mike Biggs to draft paragraph for the Sept 2004 meeting. 

 

7.2 DME/TACAN to UAT Ground Station Siting Criteria 

Action Item: Larry Bachman to draft a paragraph for the Sept 2004 meeting. 

 

7.3 UAT-to-UAT Ground Station Siting Criteria 

Action Item: Chris Moody/Warren Wilson draft of the 4-slot system providing area 
coverage. 

 

8 Potential Future Services 

Some potential future services for UAT-equipped aircraft are described in this section.  
The services identified here support position determination of UAT-equipped aircraft 
based on time of message reception (TOMR) of UAT signals.  The services are listed 
below: 

1. Range validation of ADS-B reported position data, based on the one way 
propagation time of the ADS-B Message.  This function can be performed by a 
single receiving station and relies on both the transmitter and receiver having access 
to precise timing information (referred to as being in the “UTC coupled” condition”).  
This is useful mainly to attain some confidence the ADS-B transmission is from a 
bona fide user and is not a result of “spoofing”. 

2. Localization of a mobile ADS-B transmitter from a fixed ground receiver network.  
This function requires reception of the ADS-B Message by at least 3 ground stations. 
Each ground station requires precise knowledge of time in order to provide the 
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TOMR with each reception.  The TOMR allows a central processor to localize the 
transmitter via the time-difference-of arrival technique.  The mobile transmitter does 
not require knowledge of its own position nor does it require precise knowledge of 
time.  This capability—coupled with the reported identification and barometric 
altitude—could provide backup air-ground surveillance in the event of widespread 
outage of GNSS. 

3. Localization of the mobile (ownship) ADS-B receiver.  This is based on [near] 
simultaneous reception of 3 or more ground station “beacon” transmissions.  Each 
ground station beacon transmission is based on precise knowledge of time.  The 
ownship UAT receiver need not have precise knowledge of time, but determines 
position from the time-difference-of arrival technique and knowledge of the ground 
beacon locations encoded in the received messages.  This capability could provide a 
crude form of backup navigation in the event of widespread outage of GNSS. 

Table 7-1: Summary of Potential Future Applications of UAT 

Potential 
Future UAT 

Service 

UAT Transmitter 
Requirements 

UAT Receiver 
Requirements 

Primary 
Application Limitations 

Range 
Validation 

Nav input, Precise 
time 

Nav input, 
Precise time 

Integrity check of 
ADS-B 

Total timing 
errors limit 

range accuracy 
to ~ 0.7 NM 

(see Appendix 
E) 

Backup Air-
Ground 

Surveillance 
None Precise time Surveillance 

backup for GNSS 

Service 
available only 

in areas of 
significant 

ground station 
infrastructure 

Backup 
Navigation 

Precise time 
(stable source can 
operate without 
GNSS for hours) 

None Navigation 
backup for GNSS 

Service 
available only 

in areas of 
significant 

ground station 
infrastructure 

 
 
Action Items: 

1. Rich Jennings 
2. Secretariate 
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