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12.0  CHAPTER 12. VALIDATION OF UNIVERSAL ACCESS TRANSCEIVER (UAT) 

12.1 Validation of Definitions and Overall System Characteristics 

12.1.1 Validation of Definitions 

UAT: Universal Access Transceiver (UAT) is a broadcast datalink 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 once per 
second by each aircraft 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 Section 12.4.4.1 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 
Section 12.4.4.2 for further details).   

Basic Receiver: A general purpose receiver with less rejection of 
interference from adjacent channel DMEs than the High Performance 
receiver.   

High Performance Receiver: A UAT receiver with additional filter 
selectivity to aid in the rejection of adjacent channel DME interference.   

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. 

12.1.2 Validation of UAT Overall System Characteristics 

12.1.2.1 Validation of Transmission Frequency 

Original Requirement(s): 

The transmission frequency shall be [978] MHz. 
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Requirement Validation: 

Validation Methods = IB, UT 

The use of a single common global channel is the simplest architecture for 
supporting ADS-B since seamless air-to-air operation is required.  As a result, the 
channel should off significant bandwidth to assure adequate capacity and 
performance.  The 978 MHz frequency was originally proposed because of the 
wide channelization that currently exists there and the potential availability of 
certain channels that could be reserved on a global basis.  The design of the 
Universal Access Transceiver was originally proposed in a document entitled “A 
Prototype Transceiver for Evaluating a Multipurpose Broadcast Data Link 
Architecture” captured in RTCA: UAT-WP-1-10.  The rationale for choosing the 
specific transmission frequency of 978 MHz was further demonstrated in RTCA: 
UAT-WP-2-05.  The choice was made for the following reasons: 

• It provides the best frequency separation from 1090 MHz replies from 
co-sited SSR transponders and a reasonable separation from 1030 MHz  
interrogations from co-sited TCAS. 

• It puts UAT in a part of the band where transmissions from “legacy” 
systems (DME) are from the ground only.  This offers the FAA a 
reasonable control of nearby interfering sources through the shifting of 
affected assignments.  The test results suggest that as few as three 
contiguous clear DME channels, of 1 MHz each, NASD-wide is 
sufficient for acceptable operation of UAT. 

• It minimizes interaction of UAT on DME ground transponders since 
these do not receive in this portion of the band. 

Based on the specification and design of the IFR systems test set, the standards 
for DME interrogator receivers, it was found that UAT and DME test set 
operations could coexist for a UAT assignment at 978 or 979MHz.  The 
advantage of an assignment on one of these frequencies is that the number of 
DME stations requiring a frequency shift would be significantly reduced or 
perhaps eliminated.  These factors could reduce the time and cost to the FAA in 
preparing for an operational UAT system. 

12.1.2.2 Validation of Frequency Stability 

Original Requirement(s): 

The radio frequency of the UAT equipment shall not vary more than +/- 0.002% 
(20 PPM) from the assigned frequency. 

Requirement Validation: 

Validation Methods = IA, IB  
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The rationale for choosing the frequency stability at +/- 20 PPM was 
demonstrated in RTCA: UAT-WP-4-11A.  The choice was made for the 
following reason: 

The proposed UAT uplink format consists of 6 blocks of RS(85,65), preceded 
with a single 36-bit synchronization pattern.  The single-sync pattern requirement 
has an impact on the data rate tolerance.  Allowing for 1/10 of a bit clock drift 
over the duration of the message: 6 * 85 * 8 = 4080 bits per uplink, divided into 
1/10 of a bit, or +/- 24 PPM for the link.  In order to avoid requiring an expensive 
reference oscillator in the avionics, the accuracy of the avionics was limited to 
+/- 20 PPM. 

 

12.1.2.3 Validation of Transmit Mask 

Original Requirement(s): 

The spectrum of a UAT message transmission modulated with pseudo-random 
payload data shall fall within the limits specified in Table 1 when measured in a 
100 kHz bandwidth.  The maximum EIRP for a UAT aircraft or ground station 
transmitter shall not exceed +58 dBm.   

Notes:   

1. Figure 1 is a graphical representation of Table 1. 

2. The maximum EIRP listed above results from the maximum allowable power 
delivered to the antenna shown in Table 2-2 of the UAT Implementation 
Manual with a maximum antenna gain of 4 dB (see the UAT Implementation 
Manual, Section 2.4.2.1).  

Table 1: UAT Transmit Spectrum 

Frequency Offset From Center Required Attenuation from Maximum (dB) 
All frequencies in the range 0 – 0.5 MHz 0 
All frequencies in the range 0.5 – 1.0 MHz Based on linear* interpolation between these points 
1.0 MHz 18 
All frequencies in the range 1.0 – 2.25 MHz Based on linear* interpolation between these points 
2.25 MHz  50 
All frequencies in the range 2.25 – 3.25 MHz Based on linear* interpolation between these points 
3.25 MHz 60 
 * based on amplitude in dB and a linear frequency scale 
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Figure 1: UAT Transmit Spectrum 

Notes:   

1. 99% of the power of the UAT spectrum is contained in 1.3 MHz (+/- 0.65 
MHz).  This is roughly equivalent to the 20 dB bandwidth. 

2. Spurious emissions requirements begin at +/- 250% of the 1.3 MHz value, 
therefore the transmit mask requirement extends to +/- 3.25 MHz. 

 

Requirement Validation: 

Validation Methods = IB, UT, A 

(References can be made to:  

• DFS testing that shows that the mask is sufficient to protect adjacent 
DME for enroute;  

• RTCA Working Paper UAT-WP-8-04A with rationale for transmit mask;  

• Regression testing of certified Capstone avionics unit(s);  

• Rockwell Collins analysis and testing of prototype A3 transmitter;  

• ICAO ACP WG-F Meeting 10 Summary) 

TBD 
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12.1.2.4 Validation of Spurious emissions  

Original Requirement(s): 

Spurious emissions shall be kept at the lowest value which the state of the 
technique and the nature of the service permit.  

Note: Appendix 3 of the ITU Radio Regulations contains the tolerances for the 
levels of spurious emissions to which transmitters must conform in 
accordance with Radio Regulation 3.6. 

 

Requirement Validation: 

Validation Method = IB 

At the April 2001 meeting of RTCA Special Committee 186 Working Group 5, a 
question was raised regarding requirements on spurious emissions for Universal 
Access Transceiver (UAT) equipment.  The results are found in RTCA Working 
Paper: UAT-WP-5-14. 

250 percent of the occupied bandwidth point is standard as the definition for the 
start of the “spurious emission” region.  If we assume, for example, that the UAT 
occupied bandwidth is 1 MHz, the spurious emission region starts at +/- 2.5 MHz 
from the specified center frequency. 

International Telecommunications Union Recommendation ITU-R SM.329-7 
(including proposed revisions) is similar (i.e., 43+10log(P)), with one important 
distinction.  In that recommendation, spurious emissions in the band 30 MHz to 1 
GHz are always measured with a reference bandwidth of 100 kHz.  That value is 
then compared to the emitted power in the “necessary bandwidth,” and the 
attenuation calculated.  In the case of UAT, if we assume necessary bandwidth = 
occupied bandwidth = 1 MHz, and that the spurious emissions are relatively 
“flat” in the frequency domain, this results in a 10 dB “relaxation” in 
requirements. 

 

12.1.2.5 Validation of Polarization 

Original Requirement(s): 

The design polarization of emissions shall be vertical. 

Requirement Validation: 

Validation Method = IA 

Vertical polarization is preferable to horizontal polarization for a number of 
reasons, including: 

 
• The antenna structure for vertical polarization can be relatively simple, 

consisting of a quarter-wave monopole over a ground plane (the aircraft 
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fuselage).  For horizontal polarization the antenna would need to be 
either a loop-type structure mounted above (or below) the fuselage or 
two half-loops located on either side.  For the top-mounted configuration 
the effect of the fuselage may tend to create a null on the horizon.  In 
either case, the aerodynamic drag of a horizontally polarized antenna is 
likely to be higher. 

 
• Nearby TV stations transmit very high power signals (megawatts) using 

horizontal polarization.  Their interference potential will be significantly 
reduced if the ATC communication signals are vertically polarized. 

 
• The effects of reflections off the earth (or bodies of water) just above the 

horizon are likely to be more deleterious for horizontal than for vertical 
polarization. 

 

12.1.2.6 Validation of Transmitter Power Output Requirements 

Original Requirement(s): 

The Time/Amplitude profile of a UAT Message Transmission shall fall within 
the following limits relative to a reference time defined as the beginning of the 
first bit of the synchronization sequence (§12.4.4.1.1, §12.4.4.2.1) appearing at 
the output port of the equipment. 

Notes: 

1. All power requirements for subparagraphs “a” through “f” below apply to 
the selected antenna port for installations that support transmitter diversity.  
The RF power output on the nonselected antenna port should be at least 20 
dB below the level on the selected port. 

2. All power requirements for subparagraphs “a” and “f” assume a 300 kHz 
measurement bandwidth.  All power requirements for subparagraphs “b,” 
“c,” “d” and “e” assume a 2 MHz measurement bandwidth 

3. The beginning of a bit is ½ bit period prior to the optimum sample point. 

a. Prior to 8 bit periods before the reference time, the average RF output power 
shall not exceed –80 dBm. 

Note:  This unwanted power requirement is necessary to ensure that the 
UAT Transmitting Subsystem does not prevent closely located UAT 
receiving equipment on the same aircraft from meeting its 
requirements.  It assumes that the isolation between transmitter and 
receiver equipment exceeds 20 dB. 

b. Between 8 and 6 bit periods prior to the reference time, the RF output power 
shall remain at least 20 dB below the minimum power requirement for the 
UAT equipment class. 

Note:  Guidance on definition of UAT equipment classes is provided in the 
UAT Implementation Manual. 
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c. During the Active state, defined as beginning at the reference time and 
continuing for the duration of the message the RF output power shall be 
greater than or equal to the minimum power requirement for the UAT 
equipment class. 

d. The RF output power shall not exceed the maximum power for the UAT 
equipment class at any time during the Active state. 

e. Within 6 bit periods after the end of the Active state, the RF output power 
shall be at a level at least 20 dB below the minimum power requirement for 
the UAT equipment class. 

f. Within 8 bit periods after the end of the Active state, the average RF output 
power shall fall to a level not to exceed –80 dBm. 

Notes:   

1. This unwanted power requirement is necessary to ensure that the 
Transmitting Subsystem does not prevent closely located UAT receiving 
equipment on the same aircraft from meeting its requirements.  It 
assumes that the isolation between transmitter and receiver equipment 
exceeds 20 dB. 

2. These requirements are depicted graphically in Figure 2. 

ActiveInactive Inactive

20 dB

-80 dBm

2 6 26T*

ADS-B M essage Transm ission Interval

* T = 276 for Short ADS-B
   T  =  420 for Long ADS-B
   T  =  4452 for G round Uplink

Tim e in
Bit Periods

Allowed power range for
Equipm ent C lass

Figure 2: Time/Amplitude Profile of UAT Message Transmission 
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Requirement Validation: 

Validation Method = IB, A, MD, UT 

(References can be made to:  

• Conclusions of UAT-WP-6-08 and UAT-WP-8-08;  

• Rockwell Collins analysis and testing of prototype A3 transmitter;  

• Appendix K of RTCA DO-282 shows that the requirement is adequate;  

• Test results from certified Capstone avionics and GBT testing) 

TBD  
 

12.2 VALIDATION OF SYSTEM CHARACTERISTICS OF THE GROUND 
INSTALLATION 

12.2.1 Validation of Ground Station Transmitting Function 

12.2.1.1 Validation of Ground Station Power 

Recommendation: — The effective radiated power should be such as to provide 
a field strength of at least 280 microvolts per metre (minus 97 dBW/m2) 
within the defined operational coverage of the facility on the basis of 
free-space propagation.   

Note: This is determined on the basis of delivering a -91 dBm (corresponds to 
200 microvolts per metre) signal level at the antenna end of the cable 
connecting the antenna to the receiving equipment (assuming an omni-
directional antenna).  The 280 µV/m recommendation corresponds to the 
delivery of a –88 dBm signal level at the antenna end of the cable 
connecting the antenna to the receiving equipment.  The 3 dB difference 
between –88 dBm and –91 dBm provides margin for excess path loss 
over free-space propagation.   

 

Requirement Validation: 

Validation Method = IB, UT, FT 

(References can be made to:  

• Conclusions in UAT-WP-6-08 and UAT-WP-8-08;  

• Test results from certified Capstone avionics and GBT testing) 

TBD 
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12.3 VALIDATION OF SYSTEM CHARACTERISTICS OF THE AIRCRAFT 
INSTALLATION 

12.3.1 Validation of Transmitting Function 

12.3.1.1 Validation of Transmitter Power 

Original Requirement(s): 

The effective radiated power shall be such as to provide a field strength of at 
least 225 microvolts per metre (minus 99 dBW/m2) on the basis of free-space 
propagation, at ranges and altitudes appropriate to the operational conditions 
pertaining to the areas over which the aircraft is operated.  Transmitter power 
shall not exceed 54 dBm at the antenna end of the feedline. 

Notes: 

1. The above field strength is determined on the basis of delivering a  -93 dBm 
(corresponds to 160 microvolts per metre) signal level at the antenna end of 
the cable connecting the antenna to the receiving equipment (assuming an 
omni-directional antenna).  The 3 dB difference between 225 µV/m and 160 
µV/m provides margin for excess path loss over free-space propagation. 

2. Various aircraft installations will have different air-air range requirements 
depending on the intended ADS-B function of the UAT equipment.  Therefore 
different installations will operate at different power levels. 

 

Requirement Validation: 

Validation Method = IB 

(Reference Appendix K of RTCA DO-282A and look for working papers or 
other test results on –93 dB sensitivity for ADS-B Messages) 

TBD   

12.3.2 Validation of Receiving Function 

12.3.2.1 Validation of Receiver Sensitivity 

During discussions of the testing of the UAT data link versus the testing of other 
data links, the question of Doppler acceleration and its affect on UAT was raised.  
After further investigation it was concluded that Doppler and Doppler rate are 
complete non-issues for UAT.  The reasons are as follows. 

Doppler will change the frequency and timing of the transmitted signals with 
respect to the receiver.  Suppose we take the maximum relative velocity of the 
two receivers as Mach 2.  This will cause a shift of 2 PPM in the frequency and 
the timing. 
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Since the carrier frequency is about 1 GHz, the maximum shift is about 2 kHz.  
This is minuscule with respect to the 625 kHz spacing between a ZERO and a 
ONE.  Thus, there is no need to compensate the Doppler, i.e., UAT has no 
tracker.  Also, it doesn't matter how fast the frequency shifts between +2000 Hz 
and -2000 Hz (since the whole range of variation is negligible), thus there is no 
Doppler rate issue as far as frequency shift is concerned. 

As for the symbol timing issue, during the course of a Long ADS-B Message, 
which is 420 bits long, a Doppler shift of 2 PPM will cause a timing error of 
420*0.000002 = 0.00084 bit periods.  For a Ground Message the timing error 
could be about 10 times worse (actually less because the ground isn't moving), 
but it's still less than 0.01 bit periods.  That is much less than the errors assumed 
for the initial synchronization process.  This means that UAT does not have to 
track the symbol (bit) timing.  UAT just synchronizes and goes with that timing 
for the duration of the Message.  Any slewing of the Doppler during the 
reception of a Message from maximum to minimum Doppler will only make 
things better.  Thus, Doppler rate is irrelevant. 

The above arguments hold even if the relative velocities are allowed to be 10 
times bigger, so the Doppler will remain a non-issue for a very long time. 

12.3.2.1.1 Validation of Long UAT ADS-B Message as Desired Signal 

Original Requirement(s): 

A desired signal level of –93 dBm applied at the antenna end of the cable 
connecting the antenna to the equipment (after antenna gain and before cable 
loss) shall produce a rate of Successful Message Reception of 90% or better 
under the following conditions: 

a. When the desired signal is of nominal modulation (i.e., FM deviation is 625 
KHz) and at the maximum signal frequency offsets, and subject to relative 
Doppler shift at +/- 1200 knots. 

b. When the desired signal is of maximum modulation distortion allowed in 
Section §12.4.3, at the nominal transmission frequency +/- 1 PPM, and 
subject to relative Doppler shift at +/- 1200 knots. 

Note: The receiver criteria for Successful Message Reception of UAT ADS-B 
messages are provided in Appendix A. 

 

Requirement Validation: 

Validation Methods = IB, UT 

(Reference Appendix K of RTCA DO-282A and regression testing of certified 
UAT Capstone avionics) 

TBD 
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12.3.2.1.2 Validation of Basic UAT ADS-B Message as Desired Signal 

Original Requirement(s): 

A desired signal level of –94 dBm applied at the antenna end of the cable 
connecting the antenna to the equipment (after antenna gain and before cable 
loss) shall produce a rate of Successful Message Reception of 90% or better 
under the following conditions: 

a. When the desired signal is of nominal modulation (i.e., FM deviation is 625 
KHz) and at the maximum signal frequency offsets, and subject to relative 
Doppler shift at +/- 1200 knots. 

b. When the desired signal is of maximum modulation distortion allowed in 
Section 12.4.3, at the nominal transmission frequency +/- 1 PPM, and subject 
to relative Doppler shift at +/- 1200 knots. 

Note: The receiver criteria for Successful Message Reception of UAT ADS-B 
messages are provided in Appendix A. 

 

Requirement Validation: 

Validation Methods = IB, UT 

(Reference Appendix K of RTCA DO-282A and regression testing of certified 
UAT Capstone avionics) 

TBD 
 

12.3.2.1.3 Validation of UAT Ground Uplink message as desired signal 

Original Requirement(s): 

A desired signal level of –91 dBm applied at the antenna end of the cable 
connecting the antenna to the equipment (after antenna gain and before cable 
loss) shall produce a rate of Successful Message Reception of 90% or better 
under the following conditions: 

a. When the desired signal is of nominal modulation (i.e., FM deviation is 625 
KHz) and at the maximum signal frequency offsets, and subject to relative 
Doppler shift at +/- 850 knots. 

b. When the desired signal is of maximum modulation distortion allowed in 
Section 12.4.3, at the nominal transmission frequency +/- 1 PPM, and subject 
to relative Doppler shift at +/- 850 knots. 

Notes:  

1. The receiver criteria for Successful Message Reception of UAT Ground 
Uplink messages is provided in Appendix A. 
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2. This requirement ensures the bit rate accuracy supporting demodulation in 
the UAT equipment is adequate to properly receive the longer UAT Ground 
Uplink message (since, in order to meet the requirement of Section 12.4.3, 
the bit rate accuracy of the ground transmitter must be 2 PPM, or less). 

 

Requirement Validation: 

Validation Methods = IB, UT 

(Reference Appendix K of RTCA DO-282A and regression testing of certified 
UAT Capstone avionics) 

TBD 
 

12.3.2.2 Validation of Receiver Selectivity 

Original Requirement(s): 

a. Basic receivers shall meet the selectivity characteristics given in Table 2: 

Table 2: Selectivity Rejection Ratios (Basic Receiver) 

Frequency Offset 
from Center 

Minimum Rejection Ratio 
(Undesired/Desired level in dB) 

-1.0 MHz 10 

+1.0 MHz 15 

(+/-) 2.0 MHz 50 

(+/-) 10.0 MHz 60 

Note: It is assumed that ratios in between the specified offsets will fall near the 
interpolated value.   
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b. High performance receivers shall meet the more stringent selectivity 
characteristics given in Table 3 below: 

Table 3: Selectivity Rejection Ratios (High Performance Receiver) 

Frequency Offset 
from Center 

Minimum Rejection Ratio 
(Undesired/Desired level in dB) 

-1.0 MHz 30 

+1.0 MHz 40 

(+/-) 2.0 MHz 50 

(+/-) 10.0 MHz 60 

Notes:  

1. The undesired signal used is an un-modulated carrier applied at the 
frequency offset. 

2. This requirement establishes the receiver’s rejection of off channel energy. 

3. It is assumed that ratios in between the specified offsets will fall near the 
interpolated value.   

4. DME channels below 17X (978 MHz) are reserved exclusively for national 
allotment in ICAO Annex 10, and are not part of the operational DME 
channel plan.  This mitigates any operational impact of the asymmetry of the 
selectivity rejection ratios in Tables 2 and 3. 

 

Requirement Validation: 

Validation Methods = IB,  

The rationale for choosing the Receiver Selectivity for both the Basic Receiver 
and the High Performance Receiver are detailed in the analysis of Working 
Papers RTCA: UAT-WP-4-13, UAT-WP-5-08 and UAT-WP-6-02. 

 

12.3.2.3 Validation of Receiver desired signal dynamic range 

Original Requirement(s): 

The receiver shall achieve a Successful Message Reception rate for Long ADS-B 
Messages of 99% or better when the desired signal level is between –90 dBm and 
–10 dBm at the antenna in the absence of any interfering signals. 

Note: The value of –10 dBm represents 120-foot separation from an airborne 
transmitter transmitting at maximum allowed power. 
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Requirement Validation: 

Validation Method = IA,  

TBD 
 

12.3.2.4 Validation of Receiver Tolerance to Pulsed Interference 

Original Requirement(s): 

Note: All requirements in this section are referenced to the antenna end of the 
cable connecting the antenna to the equipment (after antenna gain and 
before cable loss). 

a. For basic and high performance receivers the following requirements shall apply: 

1. The receiver shall be capable of achieving 99% reception probability of 
Long UAT ADS-B messages when the desired signal level is between 
–90 dBm and –10 dBm when subjected to DME interference under the 
following conditions:  DME pulse pairs at a nominal rate of 3,600 pulse 
pairs per second at either 12 or 30 microseconds pulse spacing at a level 
of –30 dBm for any 1 MHz channel frequency between 980 MHz and 
1215 MHz inclusive. 

2. Following a 21 microsecond pulse at a level of 0 dBm and at a frequency 
of 1090 MHz, the receiver shall return to within 3 dB of the specified 
sensitivity level (see §12.3.2.1) within 12 microseconds.  

b. For the basic receiver the following additional requirements shall apply: 

1. The receiver shall be capable of achieving 90% reception probability of 
Long UAT ADS-B messages when the desired signal level is between 
–87 dBm and –10 dBm when subjected to DME interference under the 
following conditions:  DME pulse pairs at a nominal rate of 3,600 pulse 
pairs per second at a 12 microseconds pulse spacing at a level of –56 
dBm and a frequency of 979 MHz. 

 
2. The receiver shall be capable of achieving 90% reception probability of 

Long UAT ADS-B messages when the desired signal level is between 
–87 dBm and –10 dBm when subjected to DME interference under the 
following conditions:  DME pulse pairs at a nominal rate of 3,600 pulse 
pairs per second at a 12 microseconds pulse spacing at a level of –70 
dBm and a frequency of 978 MHz. 

c. For the high performance receiver the following additional requirements shall 
apply: 

1. The receiver shall be capable of achieving 90% reception probability of 
Long UAT ADS-B messages when the desired signal level is between 
–87 dBm and –10 dBm when subjected to DME interference under the 
following conditions:  DME pulse pairs at a nominal rate of 3,600 pulse 
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pairs per second at a 12 microseconds pulse spacing at a level of –43 
dBm and a frequency of 979 MHz. 

 
2. The receiver shall be capable of achieving 90% reception probability of 

Long UAT ADS-B messages when the desired signal level is between 
–87 dBm and –10 dBm when subjected to DME interference under the 
following conditions:  DME pulse pairs at a nominal rate of 3,600 pulse 
pairs per second at a 12 microseconds pulse spacing at a level of –79 
dBm and a frequency of 978 MHz. 

 

Requirement Validation: 

Validation Methods = IB, UT 

References can be made to:  

• RTCA Working Paper UAT-WP-11-19;  

• co-site requirements with respect to 1090 MHz, two separate unit tests 
(a) in full-up self interference, and (b) DME co-channel to compare with 
JSC results on pre-MOPS unit 

TBD 
 

12.4 VALIDATION OF PHYSICAL LAYER CHARACTERISTICS 

12.4.1 Validation of Modulation Rate 

Original Requirement(s): 

The modulation rate shall be 1.041667 Mbps with a tolerance for airborne 
transmitters of +/-20 PPM and a tolerance for ground transmitters of +/-2 PPM. 

Note:  The tolerance on the modulation rate is consistent with the requirement 
on modulation distortion (See §12.4.3). 

 

Requirement Validation: 

Validation Methods = IB 

The rationale for choosing the frequency stability at +/- 20 PPM was 
demonstrated in RTCA: UAT-WP-4-11A.  The choice was made for the 
following reason: 

The proposed UAT uplink format consists of 6 blocks of RS(85,65), preceded 
with a single 36-bit synchronization pattern.  The single-sync pattern requirement 
has an impact on the data rate tolerance.  Allowing for 1/10 of a bit clock drift 
over the duration of the message: 6 * 85 * 8 = 4080 bits per uplink, divided into 
1/10 of a bit, or +/- 24 PPM for the link.  In order to avoid requiring an expensive 
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reference oscillator in the avionics, the accuracy of the avionics was limited to 
+/- 20 PPM. 

 

12.4.2 Validation of Modulation Type 

Original Requirement(s): 

a. Data shall be modulated onto the carrier using binary Continuous Phase 
Frequency Shift Keying.  The modulation index, h, shall be no less than 0.6;  

b. A binary 1 shall be indicated by a shift up in frequency from the nominal 
carrier frequency and a binary 0 by a shift down from the nominal carrier 
frequency.  

Notes:   

1. Filtering of the transmitted signal (at base band and/or after frequency 
modulation) will be required to meet the spectral containment requirement of 
Section 12.1.2.3.  This filtering may cause the deviation to exceed these 
values at points other than the optimum sampling points. 

2. Because of the filtering of the transmitted signal, the received frequency 
offset varies continuously between the nominal values of ±312.5 kHz (and 
beyond), and the optimal sampling point may not be easily identified.  This 
point can be defined in terms of the so-called “eye diagram” of the received 
signal.  The ideal eye diagram is a superposition of samples of the 
(undistorted) post detection waveform shifted by multiples of the bit period 
(0.96 microseconds).  The optimum sampling point is the point during the bit 
period at which the opening of the eye diagram (i.e., the minimum separation 
between positive and negative frequency offsets at very high signal-to-noise 
ratios) is maximized.  An example “eye diagram” can be seen in Figure 3.  
The timing of the points where the lines converge defines the “optimum 
sampling point.”  Figure 4 shows an eye pattern that has been partially 
closed by modulation distortion. 

 

 

Well defined 
optimum 
sampling point.

Figure 3: Ideal eye diagram 
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Poorly defined 
optimum 
sampling point.

Figure 4: Distorted eye diagram 
 

Requirement Validation: 

Validation Method = IB,  

(Reference Mitre Technical Report MTR96W28R1, posted as UAT-WP-1-10) 

TBD 
 

12.4.3 Validation of Modulation Distortion 

Original Requirement(s): 

a. For airborne transmitters, the minimum vertical opening of the eye diagram 
of the transmitted signal (measured at the optimum sampling points) shall be 
no less than 560 kHz when measured over an entire Long UAT ADS-B 
message containing pseudorandom payload data. 

b. For ground transmitters, the minimum vertical opening of the eye diagram of 
the transmitted signal (measured at the optimum sampling points) shall be no 
less than 560 kHz when measured over an entire UAT Ground Uplink 
message containing pseudorandom payload data. 

c. The minimum horizontal opening of the eye diagram of the transmitted 
signal (measured at 978 MHz) shall be no less than 0.624 µs (0.65 symbol 
periods) when measured over an entire Long ADS-B message containing 
pseudorandom payload data. 

Notes:  

1. Section 12.4.4 defines the UAT message types. 

2. The ideal eye diagram is a superposition of samples of the (undistorted) post 
detection waveform shifted by multiples of the bit period (0.96 
microseconds).  
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Requirement Validation: 

Validation Methods = IB, A 

(References to: RTCA Working Papers UAT-WP-9-02, page 3 and UAT-WP-15-
01.  Results on measurement methods for eye diagram to be provided by WG-5) 

TBD 
 

12.4.4 Validation of Broadcast Message Characteristics 

Original Requirement(s): 

The UAT system shall support two different message types: the UAT ADS-B 
Message and the UAT Ground Uplink Message. 

Requirement Validation: 

Validation Method = IA,  

(Reference Mitre Technical Report MTR96W28R1, posted as UAT-WP-1-10) 

TBD 
 

12.4.4.1 Validation of UAT ADS-B Message 

Original Requirement(s): 

The Active portion (See §12.1.2.6) of a UAT ADS-B Message shall contain the 
following elements in the following order: 

• bit synchronization,  

• payload,  

• FEC parity 
 

Requirement Validation: 

Validation Methods = IB, IT, FT 

(Reference RTCA DO-282A, pages 18 – 22 ) 

TBD 
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12.4.4.1.1 Validation of Bit Synchronization 

Original Requirement(s): 

The first element of the Active portion of the UAT ADS-B message shall be a 
36-bit synchronization sequence.  For the UAT ADS-B messages the sequence 
shall be: 

111010101100110111011010010011100010 

with the left-most bit transmitted first. 

Requirement Validation: 

Validation Methods = IB, IT, FT 

After the received signal passes through an IF filter, it is detected by a 
limiter/discriminator that generates a string of ones and zeros at a rate of 6 times 
per symbol.  The sample stream then goes through a correlator, which is looking 
for the synchronization pattern.  As the samples stream out of the correlator, they 
enter a 6 by N byte memory.  This is arranged so that each “row” of the memory 
contains samples separated by the bit period.  In the meantime, whenever the box 
labeled “threshold” determines that a signal is present, it will attach a flag to the 
appropriate location in the memory.  The processor will then read out bits from 
the memory (on a row-by-row basis) according to the locations of the flags.  This 
read-out process will allow the processor to deal with overlapping messages, 
whether or not they are in the same row of the memory.  Note that all samples 
follow this path, even when “information” is being processed.  Thus, the receiver 
can continuously look for new synchronization patterns.  For more detail on this 
issue see the UAT MOPS, RTCA: DO-282 Appendix H. 

TBD - More info can be provided to satisfy the IT and FT Validation Methods. 

 

12.4.4.1.2 Validation of Payload 

Original Requirement(s): 

The second element of the Active portion of the UAT ADS-B message shall be 
the payload.  There shall be two lengths of ADS-B payload supported.  The 
Basic UAT ADS-B message shall have a 144-bit payload and the Long UAT 
ADS-B message shall have a 272-bit payload.   

Note:  The format, encoding and transmission order of the payload message 
element is provided in the UAT Technical Manual, §2.1. 
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Requirement Validation: 

Validation Methods = IT, FT 

(Reference payload requirements that will be validated in the validation of the 
Technical Manual ) 

TBD 
 

12.4.4.1.3 Validation of FEC Parity 

Original Requirement(s): 

The third and final element of the Active portion of the UAT ADS-B Message 
shall be the FEC parity. 

Requirement Validation: 

Validation Method = UT 

Using the UAT Message Generator (UMG) at the FAA William J Hughes 
Technical Center as a UAT Transmitter and the Sensis Ground Based 
Transceiver (GBT) as a receiver, it was possible to verify the Reed-Solomon 
FEC.  The scenario used in the testing contained eight UAT ADS-B Messages 
per second with from one to eight induced symbol errors in the transmitted 
messages each second.  From the Cat 033 reports that were output, a downlink 
recording was made and the results are given in Table Val-12.4.4.1.3.  When 
there were from one to six errors induced, all of the messages were decoded 
properly.  These were the expected results of the testing.  When there were seven 
errors induced it was expected that only the long UAT Messages would be 
decoded properly and when there were eight errors induced, it was expected that 
none would be decoded.  The results met the expectation precisely with all six 
symbol error messages being decoded, only long UAT Messages with seven 
symbol errors being decoded, and no UAT Messages with eight symbol errors 
being decoded. 

Note: The greyed out bytes in each of the output reports represent the Time of 
Arrival and are different because of the two different run times 
approximately two minutes apart. 
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Table Val-12.4.4.1.3: Validation of FEC Parity 

Error Status Short/Long Hex Input/Output Strings 

Input Errorless Message 01abc00637452d940eae0c0611b438 
80180084c382e5d556cf8af7407418 

Six Induced Errors Short 01e39c0637452d940eae0c0665b47b 
43180084c382e5d556cf8af7407418 

Expected Output Report ffc19001030b047d288001abc006b0001ba 
296ca0757809711b10e0801800040a4095f 

Actual Output Report ffc19001030b047d648001abc006b0001ba 
296ca0757809711b10e0801800040a4095f 

  

Input Errorless Message 09abc00637455b940e700c0611b43800180e1c44c000060 
750808a00000c00000000f3a37f1f6f2f992bb3ccaaa7358c 

Six Induced Errors Long 09e3df0637455b940e700c0611b43800180e6844c000a20 
750808ac3000c00000000f3a37f1f6f2f992bb3ccaaa7918c 

Expected Output Report ffcfb001030b047d280001abc006b7c01ba2adca07388097 
11b10de8010430b0c30c360880025c404189374062929c 

Actual Output Report ffcfb001030b047d640001abc006b7c01ba2adca07388097 
11b10de8010430b0c30c360880025c404189374062929c 

  

Input Errorless Message 01abc00737942f97eb260d7603e631 
20a800a120c9d3886755ec391b56c5 

Seven Induced Errors Short 01e39c0737002f97eb260d7677e672 
e3a800a120c9d3886755ec391b56c5 

Expected Output Report No decode expected for seven symbol errors 
Actual Output Report No decode occurred for seven symbol errors 

  

Input Errorless Message 09abc0073793c397eb5e0d8603e23120a80e1c44c0000707 
58808a00000d8000000029f37af65fc71cb91b0743f3167a 

Seven Induced Errors Long 09e3df073793c397eb5e0d8603e23120a80e6844c000a307 
58808ac300998000000029f37af65fc71cb91b0743f3b27a 

Expected Output Report ffcfb001030b047d280001abc007b7c01bc9e1cbf5af80af 
03dd8c2c130430b0c30c37088002bc40624dd240835737 

Actual Output Report ffcfb001030b047d640001abc007b7c01bc9e1cbf5af80af 
03dd8c2c130430b0c30c37088002bc40624dd240835737 

Input Errorless Message 01abc008374bf597ad4027c600124e 
8018008c0c68f6649a72139b7325eb 

Eight Induced Errors Short 01e39c0837dff597ad4027c674120d 
4318008c0c22f6649a72139b7325eb 

Expected Output Report No decode expected for eight symbol errors 
Actual Output Report No decode occurred for eight symbol errors 

  

Input Errorless Message 09abc008374bf197ad9627c600124e00180e1c44c0002807 
48808a000027c00000000d48946b81eacb70f3ee082a737f 

Eight Induced Errors Long 09e3df08374bf197ad9627c600124e00180e6844c0008c07 
4880c0c300b3c00000000d48946b81eacb70f3ee082ad77f 

Expected Output Report No decode expected for eight symbol errors 
Actual Output Report No decode occurred for eight symbol errors 
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12.4.4.1.3.1 Validation of Code type 

Original Requirement(s): 

The FEC Parity generation shall be based on a systematic Reed-Solomon (RS) 
256-ary code with 8-bit code word symbols.  FEC Parity generation shall be per 
the following code: 

a. Basic UAT ADS-B Message:  Parity shall be a RS (30, 18) code. 

Note:  This results in 12 bytes (code symbols) of parity capable of correcting up 
to 6 symbol errors per block. 

b. Long UAT ADS-B Message: Parity shall be a RS (48, 34) code. 

Note:  This results in 14 bytes (code symbols) of parity capable of correcting up 
to 7 symbol errors per block. 

For either message length the primitive polynomial of the code shall be as 
follows: 

 
1)( 278 ++++= xxxxxp . 

 

The generator polynomial shall be as follows: 
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120

∏
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−
P
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ix α  

 

where: 

P = 131 for RS (30,18) code, 
P = 133 for RS (48,34) code, and 

α  is a primitive element of a Galois field of size 256 (i.e., GF(256)). 
 

Requirement Validation: 

Validation Methods = IB, IT, FT 

(Reference RTCA DO-282A, Appendices C and M ) 

TBD 
 

The FEC Parity generation codes for both the Basic and Long ADS-B Messages 
are given below.  For more detail on this issue see UAT MOPS, RTCA: DO-
282A Appendix C. 
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Reed Solomon Encoding of Basic Type 0 ADS-B Message Payload 

The generator polynomial for the RS (30,18) Reed Solomon code is given as: 
 

588622079282891571066117612)( xxxxxxxxxG ααααααα +++++++=
 

      231562503145420 ααααα +++++ xxxx
 

Table Val-12.4.4.1.3.1A (below) represents an example of a Basic ADS-B 
Message Payload with selected values for individual fields and the equivalent bit 
oriented representation.  Each data field from Table Val-12.4.4.1.3.1A is 
arranged in sequence as shown to depict the transmitted Basic ADS-B Message 
data sequence. 

Reed Solomon Encoding of Long Type 1 ADS-B Message Payload   

The generator polynomial for the RS (48,34) Reed Solomon code is given as: 
 

613871358140926107011211249138214)( ααααααααα ++++++++= xxxxxxxxxG
        

  24170239313464522 αααααα ++++++ xxxxx

Table Val-12.4.4.1.3.1B (below) represents an example of Long Type 1 ADS-B 
message payload (Basic ADS-B State Vector plus MS [Mode Status] elements, 
and AUX State Vector report elements fields) and the equivalent bit oriented 
representation. 

Table Val-12.4.4.1.3.1A: Example of Basic ADS-B Message Payloads 
Data Field  Value Bit-Oriented Equivalent 
Payload Type Code 0  0 0000  
Address Qualifier 0 000 
Aircraft Address FAA123 (HEX) 1111 1010 1010 0001 0010 0011 
Latitude (WGS-84) 60° N 010 1010 1010 1010 1010 
Longitude (WGS-84) 45º W 1110 0000 0000 0000 0000 
Altitude Type 0 0 
Altitude 300 feet 0000 0011 0101 
NIC 4 0100 
Air/Ground State 0 00 
[Reserved Bit] 0 0 
North Velocity or Ground Speed 400 knots North 001 1001 0001 
East Velocity or Heading 100 knots East 000 0110 0101 
Vertical Velocity +64 feet/minute (UP) 100 0000 0010 
UTC coupled 1(YES) 1 
[Reserved Bits] 0 000 
[Reserved Byte] 0 0000 0000 
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Table Val-12.4.4.1.3.1B: Example of Long Type 1 ADS-B Message Payloads 

Data Field  Value Bit-Oriented Equivalent 
   
Payload Type Code 1  0 0001  
Address Qualifier 0 000 
Aircraft Address FAA123 (HEX) 1111 1010 1010 0001 0010 0011 
Latitude (WGS-84) 60° N 010 1010 1010 1010 1010 1010 
Longitude (WGS-84) 45º W 1110 0000 0000 0000 0000 0000 
Altitude Type 0 0 
Altitude +300 feet 0000 0011 0101 
NIC 4 0100 
Air/Ground State 0 00 
[Reserved Bit] 0 0 
North Velocity or Ground Speed 400 knots North 001 1001 0001 
East Velocity or Heading 100 knots East 000 0110 0101 
Vertical Velocity +64 feet/minute(UP) 100 0000 0010 
UTC coupled 1(YES) 1 
[Reserved Bits] 0 000 
Emitter Category Code and Call 
Sign Characters#1 and #2 “2AB”  0000 1110 0001 1011 

Call Sign Characters#3, #4, and 
#5 “CD1” 0100 1101 0000 1001 

Call Sign Characters#6, #7, and 
#8 “234”  0000 1100 1111 1100 

Emergency 0 000 
MOPS Version 1 001 
 SIL 0 00 

TMSO(6 LSBs of 12-bit MSO #) 1250 (only 6 LSB is 
transmitted) 10 0010 

[Reserved Bits] 0 00 
NACP 7 0111 
NACV 2 010 
NICBARO 0 0 
Capability Class (CC) Codes 0 00 
Operational Mode (OM) Codes 0 000 
True Magnitude 0 0 
[Reserved Bits] 0 00 0000 0000 0000 0000 
Secondary Altitude +300 feet 0000 0011 0101 
[Reserved Bits] 0 0000 0000 0000 0000 0000 0000 0000 

 
 

12.4.4.1.3.2 Validation of Transmission Order of FEC Parity 

Original Requirement(s): 

FEC Parity bytes shall be ordered most significant to least significant in terms of 
the polynomial coefficients they represent.  The ordering of bits within each byte 
shall be most significant to least significant.  FEC Parity bytes shall follow the 
message payload. 
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Requirement Validation: 

Validation Methods = IA, IT, FT 

(Reference RTCA DO-282A, Appendix C ) 

TBD 
 

12.4.4.2 Validation of UAT Ground Uplink Message  

Original Requirement(s): 

The Active portion of a UAT Ground Uplink Message shall contain the 
following elements in the following order: 

• bit synchronization,  

• interleaved payload and FEC parity. 
 

Requirement Validation: 

Validation Methods = IB, IT, FT 

(Reference RTCA DO-282A, page 23 ) 

TBD 
 

12.4.4.2.1 Validation of Bit Synchronization 

Original Requirement(s): 

The first element of the Active portion of the UAT Ground Uplink message shall 
be a 36-bit synchronization sequence.  For the UAT Ground Uplink message the 
sequence shall be: 

000101010011001000100101101100011101 

with the left-most bit transmitted first. 

Requirement Validation: 

Validation Methods = IB, IT, FT 

Synchronization performance for uplink messages should be very similar to that 
of ADS-B Messages because the uplink synchronization sequence is just the 
complement of the ADS-B sequence, i.e., the ones and zeros are inverted.  This 
allows the same correlator to search for both synchronization types 
simultaneously.  When an ADS-B Message is present the correlation score 
should be very high (near 108).  In the presence of an uplink message the 
correlation score should be very low (near 0) since it will appear to the ADS-B 
correlator that nearly all the samples are incorrect. 
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Measurements of false alarms due to random noise indicate that the performance 
of the two synchronization types is quite similar when equivalent thresholds are 
used.  There are some small differences that may be due to the fact that the 
numbers of ones and zeros in the synchronization sequences are not quite equal. 

For false alarms generated by the embedded synchronization process, the rates 
(for equivalent threshold values) will differ because the uplink messages are 
much longer.  There are 4380 false alarm opportunities per uplink message as 
opposed to 348 for long ADS-B Messages.  When the uplink threshold is set at 
22 (equivalent to 86 for ADS-B Messages) the probability of false alarm is 
estimated to be 0.685.  Because this high rate may use up more processing 
resources than is acceptable, it may be prudent to make the uplink threshold more 
stringent than the ADS-B threshold.  If the threshold were set to 16 (equivalent to 
92 for the ADS-B Messages), the probability estimate would fall to 0.0283.  
Changing the threshold in this way will lower the probability of synchronization 
for a valid message in the presence of noise.  However, the synchronization 
process is generally more robust than the data demodulation process.  Thus, there 
appears to be plenty of margin to change the threshold, particularly for the uplink 
messages which have slightly degraded message decoding performance, (see 
RTCA, DO-282 Appendix M) compared to ADS-B. 

 

12.4.4.2.2 Validation of Interleaved Payload and FEC Parity 

12.4.4.2.2.1 Validation of Payload (before interleaving and after de-interleaving) 

Original Requirement(s): 

The UAT Ground Uplink Message shall have 3456 bits of payload.  These bits 
are divided into 6 groups of 576 bits.  FEC is applied to each group as described 
in §12.4.4.2.2.2. 

Note: Further details on the format, encoding and transmission order of the 
UAT Ground Uplink Message payload are provided in the UAT 
Technical Manual, §2.2. 

 

Requirement Validation: 

Validation Methods = IT, FT 

(Reference payload requirements that are validated in the Validation Report for 
the UAT Technical Manual, Section §2.1.1) 

TBD 
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12.4.4.2.2.2 Validation of FEC Parity (before interleaving and after de-interleaving) 

12.4.4.2.2.2.1 Validation of Code Type  

Original Requirement(s): 

The FEC Parity generation shall be based on a systematic RS 256-ary code with 
8 bit code word symbols.  FEC Parity generation for each of the six blocks shall 
be a RS (92,72) code. 

Notes:  

1. Section §12.4.4.2.2.3 provides details on the interleaving procedure. 

2. This results in 20 bytes (symbols) of parity capable of correcting up to 10 
symbol errors per block.  The additional use of interleaving for the UAT 
Ground Uplink message allows additional robustness against burst errors. 

The primitive polynomial of the code is as follows: 
 

1)( 278 ++++= xxxxxp . 
 

The generator polynomial is as follows: 
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where  

P = 139, and 
α  is a primitive element of a Galois field of size 256 (i.e., GF(256)). 

 

Requirement Validation: 

Validation Methods = IB, IT, FT 

(Reference RTCA DO-282A, Appendix M ) 

TBD 
 

12.4.4.2.2.2.2 Validation of Transmission Order of FEC Parity 

Original Requirement(s): 

FEC Parity bytes are ordered most significant to least significant in terms of the 
polynomial coefficients they represent.  The ordering of bits within each byte 
will be most significant to least significant.  FEC Parity bytes will follow the 
message payload. 
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Requirement Validation: 

Validation Methods = IA, IT, FT 

(Reference ??? ) 

TBD 

 

12.4.4.2.2.3 Validation of Interleaving Procedure 

Original Requirement(s): 

UAT Ground Uplink messages shall be interleaved and transmitted by the 
Ground Station, as listed below: 

a. Interleaving Procedure: The interleaved Payload and FEC Parity consists of 6 
interleaved Reed-Solomon blocks.  The interleaver is represented by a 6x92 
matrix, where each entry is a RS 8-bit symbol.  Each row comprises a single 
RS (92,72) block as shown in Table 3.  In Table 3, Block numbers prior to 
interleaving are represented as “A” through “F.”  The information is ordered 
for transmission column by column, starting at the upper left corner of the 
matrix. 

Table 3: Ground Uplink Interleaver Matrix 

RS 
Block 

Payload Byte # 
 

FEC Parity  
(Block /Byte #) 

A 1 2 3 … 71 72 A/1 … A/19 A/20 
B 73 74 75 … 143 144 B/1 … B/19 B/20 
C 145 146 147 … 215 216 C/1 … C/19 C/20 
D 217 218 219 … 287 288 D/1 … D/19 D/20 
E 289 290 291 … 359 360 E/1 … E/19 E/20 
F 361 362 363 … 431 432 F/1 … F/19 F/20 

 
 

Note:  In Table 3, Payload Byte #1 through #72 are the 72 bytes (8 bits each) of 
payload information carried in the first RS (92,72) block.  FEC Parity 
A/1 through A/20 are the 20 bytes of FEC parity associated with that 
block (A).   

b. Transmission Order:  The bytes are then transmitted in the following order: 

 1,73,145,217,289,361,2,74,146,218,290,362,3,. . .,C/20,D/20,E/20,F/20. 

Note:  On reception these bytes need to be de-interleaved so that the RS blocks 
can be reassembled prior to error correction decoding. 
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Requirement Validation: 

Validation Methods = IB, IT, FT 

(References to: RTCA Working Paper UAT-WP-5-06; test results from testing of 
the certified Capstone avionics and GBTs ) 

TBD 
 
 

12.5 FURTHER INFORMATION 

Notes: 

1. The UAT Technical Manual provides additional normative information on 
UAT: details on UAT Message Payloads and formats, procedures for 
operation of UAT transmitters, and avionics interface requirements with 
other airborne systems. 

2. The UAT Implementation Manual provides further informative information 
on the UAT: fundamentals of system operation, description of a range of 
example avionics equipment classes and their applications, guidance on UAT 
aircraft and ground station installation aspects, and detailed information on 
UAT system performance simulation. 
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