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1 INTRODUCTION

This document contains a draft comparative analysis of potential automatic dependent
surveillance— broadcast (ADS-B) datalinks as an input to AMCP/8 Agendaltem 3. The analysis has been
developed at the request of the Air Navigation Commission [Ref. 1]. The conduct of the analysis was
referred to AMCP Working Group C, which was asked to evauate three links. Two of these links, the
1 090 MHz secondary surveillance radar (SSR) Mode S extended squitter (1 090 ES) and universal access
transceiver (UAT), are wide-band links operating in the L-band. The third, VHF data link (VDL) Mode 4,
isimplemented using multiple narrow-band channelsin the VHF band. Due to time and resource limitations,
no combination of links was assessed.

The 1 090 ES has been devel oped as an extension of the SSR Mode S technology, whichiis
going to be widely used for agronautical secondary surveillance radar applications. Accessto the 1 090 MHz
channel is randomized, and the channel is shared with current SSR responses to interrogations from
ground-based radars and airborne collision avoidance system (ACAS). The data rate used is 1 megabit per
second, within a message.

UAT is atransceiver system designed specifically to support the function of ADS-B. In
addition to ADS-B, UAT isintended to support uplink broadcast data from ground stations. Access to the
UAT medium istime-multiplexed within a1 second frame between ground-based broadcast services (thefirst
188 milliseconds of the frame) and an ADS-B segment. While the design presumes time synchronization
between ground-based broadcasts to reduce/eliminate message overlap, medium access within the ADS-B
segment is randomized. The UAT datarate is approximately 1 megabit/second within a message.

VDL Mode 4 provides arange of communication services including broadcast and point to
point, air/ground and air/air. The servicesinclude ADS-B. VDL Mode 4 uses two separate 25 KHz global
sgndling channels (GSCs), with additional channels used in areas with medium to high aircraft density.
Access to the VDL Mode 4 medium, within a channd, is time-multiplexed, with a data rate of
19.2 kilobits/second within a message. The self-organizing channel access scheme may reduce the need for
higher bandwidth.

The following three sets of criteria have been used to assess the system design and
performance:

a) the criteria considered in the assessments of data links for surveillance applications
carried out by AMCP Working Group D in preparation to AMCP/5, (see
AMCP/5-WP/4 [Ref. 2], also available on the AMCP web site as WGC1L/WP12);

b) RTCA ADS-B minimum aviation system performance standards (MASPS) DO-242A
[Ref. 3] criterial; and

1 At this stage the RTCA MASPS have not been formally accepted by EUROCAE.
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c) additional Eurocontrol criteria supplied to the joint FAA/Eurocontrol Technica Link
Assessment Team (TLAT) (see Technical Link Assessment Report?, March 2001
[Ref. 4])

Sections 2, 3, and 4 of this document deal with each of these sets of criteria, respectively.
The reader should be aware that development of ADS-B requirements is still ongoing and that the criteria
used in this paper were chosen to reflect a current snapshot of this devel opment.

The criteriaspecified by the three sources may be divided into two categories. system design
and system performance. The system design criteria relate to how well the ADS-B data links integrate into
the current environment, e.g. the choice of frequency or compatibility with other avionics systems. System
performance criteria are designed to describe how well the system will achieve the ADS-B objectives, in
terms of the applicationsit is expected to support.

In order to evaluate system performance, two scenarios were chosen as representative of
future environments, a high-density environment and a low-density environment. These two types of
environment were chosen to permit comparison of the ADS-B data links in several different air traffic
Stuations.

The high air traffic density scenario is model ed after the Core Europe 2015 scenario, defined
inthe Eurocontrol document entitled “ High-Density 2015 European Traffic Distributionsfor Smulation,” dated
August 17 1999 ([Ref. 5]). The distributions and assumptions used in this comparative anaysis were taken
directly from [Ref. 5]. The scenario includes a total of 2 091 aircraft (both airborne and ground) and 500
ground vehicles.

The low-density scenario was developed to include a total of 360 aircraft and is described
in Appendix H of the TLAT report [Ref. 4]. These aircraft are uniformly distributed in the horizontal plane
within acircle of 400 nautical miles.

For both scenarios, system performanceisdetermined by eval uating reception of transmitters
at ranges up to 150 nautical miles from a victim receiver located at the center of the scenario. Thisreceiver
location is selected to provide the most challenging reception environment. The metric to characterize system
performance is the “ 95-95 update time” for state vector and intent information, i.e. the update time selected
as follows. For each 10 NM range bin (0 - 10 NM, 10 - 20 NM, etc.) the 95th percentile update time is
calculatedfor each sampleaircraft in the bin. Then the 95th percentile aircraft is chosen from among al those
in the bin, and this value is plotted as a function of range. Therefore, the metric guarantees that 95% of the
aircraft will have an update time at least as good as that shown 95% of the time. This metric does not reflect
the disposition of the “other five percent” of aircraft, which do not meet the 95-95 update requirement. This
is a limitation of the choice of metric, and variability of the value of the metric and the distribution of the
remaining aircraft may be of interest. In order to understand the operational implications of this choice on
safety issues, a more detailed analysis of the behaviour of the relevant distributions would be necessary.
However, it is not felt that the choice of this metric favours any of the three links over the others, so the

2 Thereport is available on the following websites:
www.eurocontrol.int/ads/ and
www.faa.gov/safeflight21/
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relative performance of the links should be reflected by comparison to the 95-95 update time. Future

assessments may use different criteria.

Inan effort to capture as many real-world effectsimportant to the assessment of the system
performance of the ADS-B data links as possible, the analysis includes, representations of such effects as

follows.
1090 MHz
Simulation effects UAT VDL Mode4| extended
squitter
Propagation and other losses Y Y Y
Antenna gains Y Y Y
Propagation delays Y Y Y
Adjacent channel interference (see discussion below) Y Y N3
. . In part (for
Co-dte interference (in and out of band) Y VDL mode 4) Y
Multiple (self) interference sources Y Y Y
Alternating transmissions between top and bottom
. Y Y Y
antennas (where applicable)
Performance as a function of receiver configuration v v N
(e.g. diversity, switched, bottom only) and sensitivity
Transmit power variability and configuration
Receiver retriggering
Receiver performance based on bench testing of
. Y Y Y
equipment
Message transmission sequence and information content
: : Y Y Y
by aircraft equipage
Ground receiver antenna assumptions to assess maximum 4
: ) Y N N
range of single ground station

3 Adjacent channel interference does not pose an issuefor 1090 ES as aresult of the spectrum authorizationsin the frequency band.
However, co-site transmissions within the frequency band by other systems associated with SSR and DME will impact the

available reception time for 1090 ES.

4 For ground surveillance, the VDL Mode4 concept i s based upon anetwork of interconnected ground stations designed to be scaled
to meet future requirements. The requirements for this system were not examined for this study, so this effect was not necessary
for the VDL Mode 4 simulations. Using sectorized antennas would reduce the need for expanding the network.
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In support of the transition period prior to full implementation of ADS-B, any requirements
relating to the operation of Traffic Information Service-Broadcast (TIS-B) services need to be taken into
account in order to evaluate the effect on ADS-B performance. These requirements are not covered in
RTCA DO-242A [Ref. 3] and there are no established standards as yet for these services. For thisanalysis,
TIS-B has been assumed to provide TIS-B reports only on non-ADS-B targets. In this context, it is expected
that the capacity impact of TIS-B implementation is likely to be less than that of ADS-B equipage by all
aircraft. Therefore, separate simulation of TIS-B impact on link capacity is deemed to be unnecessary, since
its effect is assumed to be minimal.

The interference environment for the UAT assessment includes the simultaneous effects of
multiple UAT transmissions, a chalenging DME/tacticd air navigation (TACAN) environment, an ongoing
joint tactical information distribution systems (JTIDS) exercise, and the effects of co-site transmissions of
1090 MHz and 1 030 MHz systems. For 1 090 ES, the high-density scenario includes a demanding projected
ground interrogator environment and ACAS traffic. The VDL Mode 4 analysis includes co-channel and
co-site VDL Mode 4 interference and adjacent channel interference permitted by VDL Mode 4 frequency
planning criteria

It is important to note that using the template provided below, each data link has been
assessed using the identical assumptions and limitations described above. The intent was for each of the
ADS-B datalinksto be evaluated for the two air traffic scenarios described above and compared against the
system performance criteria for each of the sources in Sections 2 - 4. However, the VDL Mode 4
low-density scenario analysis was not done for this study, due to resource and time limitations.

2. AMCP/5 ADS-B CRITERIA

This section assesses the ADS-B data link performance against the criteria, which were
considered in [Ref. 2]. Section 2.1 lists these criteria. Section 2.2 presents the assessment of each of the
three data links against each of the criteria.

2.1 AMCP/5 WP4 ADS-B criteria
The following list is a summary of the various criteria from [Ref. 2]:
1) Interference Resistance;
2) System Availahility;
3) System Integrity;
4) Acquisition Time,
5) Independent Vaidation of Position;

6) Functiona Independence;
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7) Autonomous Air-Air Operations,
8) Operationd Aircraft Traffic Dengities,
9) Operationa Domain Radius;
10) Received Update Rates;
11) Barometric Altitude Resolution;
12) Geometric Altitude Resolution;
13) RF Frequency;
14) Antenna Requirements,
15) Spectrum Efficiency;
16) Support to All Classes of Users;
17) Support of Related Applications;
18) Minima Complexity;
19) Non-Interference with Other Aeronautical Systems;
20) Trangition Issues;
21) Fundamenta Design: Frequency Band,
22) Fundamental Design: Modulation;
23) Fundamentd Design: Multiple Access Technique;
24) Maturity of Technology;
25) ADS-B Related Activities and Time-Scales;
26) Interoperability;
27) Hexibility;
28) Non-Proprietary;

29) Robustness/Fallback States;
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30) Future Suitability; and

31) Cost

2.2 Systems performance and compliance

This section provides discussion of the performance and design compliance of thethreelinks
with the AMCP/5 criteria specified in section 2.1.

221 Interferenceresistance

This section provides an overview of the potential sources of interference that UAT, VDL
Mode 4 and 1 090 ES will be exposed to in their respective bands and eval uates the performance of each link
in these interference environments. Details of the simulation results for each link are presented in the
following sub-sections.

2211 UAT interferenceresistance

In certain geographic areas, UAT may have to co-exist with transmissions from
DME/TACAN andjoint tactical information distribution system/multifunctional information distribution system
(JTIDS/IMIDS) Link 16 sources. Link 16 scenarios have been provided in cooperation with the United States
Department of Defense (USDOD) and have been applied to al of the performance analysis shown in this
document. Various DME/TACAN scenarios provided by Eurocontrol have also been applied to the Core
Europe high-density analysis concurrently with the Link 16 interference scenario.

Althoughthe UAT transmission protocol specifiesthat atransmission begin on one of afixed
number of message start opportunities, propagation delays will cause the arrivals of messages at the victim
receiver to be quasi-random. There may be a number of messages overlapping one another, and these
overlaps will be for variable amounts of time. This interference is accounted for in the multi-aircraft
smulation. Multiple UAT interferers are treated in the recelver performance model by combining their
interference levelsin away consistent with bench test measurements. The simultaneous presence of UAT
interference, co-/adjacent channel interference, and co-siteinterferenceistreated in adetailed fashion by the
receiver performance model.

22111 High-density scenario

The high-density Core Europe scenario used for the ADS-B link comparison is defined in
Section 1. This section presents the results of simulation runs which correspond to the assumptions specified
for the full complement of 2 091 aircraft and 500 ground vehicles. Results are shown for the victim receiver
intwo different locations. Onelocation of the victim receiver is at the center of the scenario, while the second
is placed at the location EStimated to be the worst case for DME/TACAN interference. The same
high-dtitude receive aircraft have been used in the smulations for al three ADS-B datalinks reported here.

221111 Interfer ence sour ces
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Inadditionto self-interferenceand co-siteinterference, co- and adjacent channel interference
is provided by DME/TACAN transmissions and JTIDS/MIDS (Link 16) transmissions. All DME/TACANs
on 978 MHz are assumed to have been moved to other frequencies, but al potential and planned
DME/TACANS on 979 MHz are assumed to have been implemented and transmit at maximum allowed
powers. In addition, the Baseline B Link 16 scenario (as defined by the USDOD) isa so assumed to interfere
with UAT receptionsin this environment.

Co-dgite transmissions of UAT messages, DME interrogations, SSR Mode A/C replies and
SSR Mode S interrogation and replies (including ACAS and 1 090 ES messages) are all treated as
interference to UAT reception. All of these are labelled as co-site interference, and it is assumed that no
UAT reception may occur during any of these co-sitetransmissions (including a“ramp-up” and “ ramp-down”
period added to the beginning and end of each co-site transmission).

221112 Results

Results are presented in Appendix A as aseries of plots of 95% update times as afunction
of rangefor state vector updates and intent updates, where applicable. The 95% time meansthat at the range
specified, 95% of aircraft will achieve a 95% update rate at |east equal to that shown. The RTCA DO-242A
[Ref. 3] requirements as extended by Eurocontrol are also included on the plotsfor reference. As pointed out
by SCRSP [Ref. 6], RTCA DO-242A does not currently require 90-120 NM state vector update rate
performance in high-density areas; however, this may be a future requirement as noted in footnote 10 to
Table 3-4(a) of RTCA DO-242A: “It is possible that longer ranges may be necessary. Also, the minimum
range required may apply even in high interference environments, such as over-flight of high traffic density
terminal areas.” In any event, the Eurocontrol criteria (see Section 4) mandate assessment at distances up
to 150 NM in future high-density airspace.

Since the transmit power and receiver configuration are defined for each aircraft equipage
class, performance is shown separately for each combination of transmit-receive pair types. In addition,
performance of different transmit-receive pairs is shown at severa different atitudes, where appropriate.

Results of the Multi-Aircraft UAT Simulation (MAUS) (see Section 2.2.1.1.1.3) for the
high-density scenario are shown in Appendix A, Figure A-1 through Figure A-23, and discussed below.

The results for the high-density scenario shown in Appendix A may be summarized as
follows:

C All RTCA DO-242A [Ref. 3] air-air requirements and desired criteria (see Section 3)
are met for al aircraft equipage transmit-receive pairs for both state vector, TSR, and
TCRO update rates at al ranges specified by the RTCA DO-242A.

C The Eurocontrol air-air extension to 150 NM for high end air transport class (RTCA
DO-242A equipage class A3 equipage (see Section 4) is not met at the 95% level. The
95% level isachieved for State Vector and one TCR to arange of around 125 NM. The
95% level for a second TCR is achieved to 70-75 NM. The current configuration of
UAT does not support more than two TCRs.



AN-Conf/11-1P/12
A-9 Appendix

C  All known air-ground update rate criteriaare met for all classes of aircraft out to at least
150 NM, in the absence of a co-located TACAN emitter, by using a three-sector
antenna. An excursion was run, which included a 10 kW co-located TACAN. It was
determined that the TACAN signa at the receiver had to bereceived at alevd that did
not exceed -50 dBm, in order for al equipage classes to meet air-ground requirements.
This corresponds to an isolation of 40 dB from the receive antenna, in addition to that
provided by a 50 foot separation distance and the receive antenna null.

221113 Discussion

The MAUS was developed at Johns Hopkins University (JHU)/Applied Physics Laboratory
(APL) for the purpose of smulating UAT performance in a scenario with multiple aircraft and interference
sources. The treatment of multiple sources of interference by the receiver performance model has been
validated by extensive bench testing of minimum operational performance standards (M OPS)-compliant
equipment (see Sections K.3 and K.5 of Appendix K of RTCA UAT MOPS RTCA DO-282 [Ref. 7]).

For the high-density scenario, the interference environment included demanding Link 16 and
DME/TACAN cases. In al cases, every attempt was made to provide conservative EStimates of the
co-channel interference environment.

Severa assumptions made for this analysis were different from those made by the TLAT,
and these are enumerated for the purpose of clarifying any differences between these results and those in
the TLAT report [Ref. 4].

C Thereceiver performance model used for this study is different from that used by the
TLAT. In the intervening time, the UAT MOPS [Ref. 7] were developed, and these
standards modified the UAT waveform to makeit more resistant to pulsed interference.
The recelver performance model used for this study is based on detailed bench testing
of MOPS-compliant equipment, while that for the TLAT was based on testing of older
equipment. Performance equivalent to that achieved with the MOPS-compliant
equipment is required by RTCA DO-282 [Ref. 7] for UAT systems to be certified, so
it is appropriate to use that performance standard.

C TheTLAT did not consider Link 16 and DME/TACAN interferencein its evaluation of
UAT performance, while this analysis includes simultaneous interference from both of
thesein itsandysis.

C This analysis also includes transmit powers as defined by RTCA DO-282 [Ref. 7],
which differ from those used for the TLAT analysis.

From the results of this study, it is evident that UAT exhibits good performance in
interference, even under demanding circumstances, including full equipage at the highest traffic dengities, in
chdlenging DME/TACAN environments, and during full-scale nearby military exercises utilizing
JTIDS/MIDS links.
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22112 L ow-density scenario

I naddition to the high-density scenario described above, ascenario wasa so run to represent
low-dengity traffic levels. This scenario is described in section 1. Results of the MAUS runs for the
low-density scenario are shown in Figure A-24 and Figure A-25, and discussed below.

The results for the low-density scenario may be summarized as follows:

C All RTCA DO-242A [Ref. 3] air-air requirements and desired criteria are met for al
aircraft for both state vector and intent update rates at all ranges specified by RTCA
DO-242A (see Section 3).

C The Eurocontrol air-air extension to 150 NM for A3 equipage (see Section 4) ismet at
the 95% level for State Vector and two TCPs. The current configuration of UAT does
not support more than two TCPs.

C All known air-ground update rate criteriaare met out to at least 150 NM, in the absence
of the co-located TACAN emitter, with the use of a single antenna. Anexcursion was
run, which included a 10 kW co-located 979 MHz TACAN. It was determined that the
TACAN signd at thereceiver had to bereceived at alevel that did not exceed -30 dBm,
in order to meet air-ground requirements. This corresponds to an isolation of 20 dB from
the receive antenna, in addition to that provided by a 1 000 foot separation distance. A
three-sector antenna would aso provide the possibility of successfully achieving the
air-ground requirements to 150 NM.

2212 VDL Mode 4 interference resistance

The VDL Mode 4 system is designed to operate in the very high frequency (VHF)
aeronautical band. One VDL Maode 4 global signaling channd (GSC) is expected to be assigned in the upper
part of the VHF aeronautical mobile (R) service (AM(R)S) band. A second GSC is expected to be assigned
either inthe upper part of the AM(R)S band or in the VHF aeronautical radionavigation service (ARNS) band
if the latter becomes possible taking into account ITU considerations and the capacity of the VHF ARNS
band. Other channels will aso be identified on a regiond or loca basis. Using multiple channels provides
additional capacity, and may provide resistance to intermittent interference and fading. For the performance
analysis to support this study, it has been assumed that four additional VHF channels have been assigned to
support the transmission of ADS-B state vector information.

VDL Mode4 isdesigned to accommodate and manage self-interference from multiple VDL
Mode 4 stations on a channd. This is achieved primarily with the autonomous self-organizing TDMA
(STDMA) protocols, which control reservationsand transmissions. |n addition, an option for channel resource
assignments from a ground station in the most dense airspace environments may be used to help manage
self-interference.

22121 High-density scenario
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The high-density Core Europe scenario used for the ADS-B link comparison is defined in
section 1. This section presents the results of simulation runswhich correspond to the assumptions specified
for airborne aircraft only (1 941out of thetotal 2 091 aircraft in the core Europe scenario). For VDL Mode4,
aircraft on the ground and ground vehicles are assumed to be transmitting on channels specifically reserved
for that purpose and listened to by approaching aircraft. Therefore, they are not included in the smulaions
run for this performance study.

221211 Interfer ence sour ces

VDL Mode 4 operations may be subject to harmful radio frequency interference slemming
from the keying of nearby transmitters used for air-ground communication functions on a different channel
but within the same band; however, this potential interference Mode could be mitigated by the use of
appropriate frequency planning criteria and the co-channel interference performance (CCl) characteristics
of VDL Mode 4, aswell as by the short duration of these events (i.e. the wideband noise burst due to power
ramp-up, for atypical ARINC 716 radio, is on the order of microseconds).

Unintentional interferenceisalso unlikely to occur due to human factors considerations(i.e.a
pilot unintentionally tuning to a VDL Mode 4 channel will hear digital transmissions, which will indicate that
the channel isnot useablefor voice). Unintentiona interference from (and to) correctly-tuned VHF voice and
data radios, including but not limited to other VDL Mode 4 radios, may be avoided with suitable receiver filter
characteristics and suitable spectrum planning. The draft frequency planning criteria under development by
AMCP propose that adjacent channel interference to a VDL Mode 4 channel be limited so as to degrade
message success rate by no more than two percent. This effect isincluded in the s mulation results discussed
below.

In addition to self-interference (more than one aircraft transmitting in a time dot), co-site
interference is provided by on-board transmissions on other VDL Mode 4 channels.

221212 Results

Results are shown for a high-altitude victim receiver located at the center of the scenario.
The same high-altitude receive aircraft have been used in the smulations for al three ADS-B data links.

Results are presented in Appendix B as a plot of 95% update times as a function of range
for state vector updates in Figure B-1. Only a single plot is required for VDL Mode 4, because all aircraft
are assumed to be smilarly equipped, so there is no digtinction between transmit or receive performanceon
different aircraft equipage classes, and no intent information is being transmitted in the VDL Mode 4 system
under analysis. Therefore, only state vector update performanceisshown andisvalid for al aircraft equipage
classes. The 95% time means that at the range specified, 95% of aircraft will achieve a 95% update rate at
least equal to that shown. The RTCA DO-242A [Ref. 3] requirements as extended by Eurocontrol are also
included on the plots for reference. (See Section 2.2.1.1.1.2 for adiscussion of the performance requirement
in high-density airspace.)

These results may be summarized as follows:
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RTCA DO-242A [Ref. 3] air-air requirements (see Section 3) are met for al aircraft
equipage transmit-receive pairs for state vector update rates between the ranges of
10 - 70 NM. Between three and ten miles range, the jitter in the VDL Mode 4 dot
selection process places the 95th percentile time fractionally above the five second
RTCA DO-242A requirement, since the transmissions are made every five seconds.
Under three miles, the five second nominal transmission rate is insufficient to meet the
three second requirement.

The Eurocontrol air-air extension to 150 NM for high end air transport class (RTCA
DO-242A equipage class A3) equipage (see Section 4) isnot met at the 95% level. The
95% level is achieved for State Vector to arange of around 70 NM.

While air-ground performance was not simulated, VDL Mode 4 experts are of the view
that al known air-ground update rate criteria can be met for all classes of aircraft out
to a least 150 NM, by using a sectorized antenna.

221213 Discussion

The VDL Mode 4 smulation and auxiliary programmes were provided by Luftfartsverket
(LFV) for use in this study, for the purpose of simulating VDL Mode 4 performance in a scenario with
multiple aircraft. The treatment of multiple messages arriving simultaneoudly at the receiver was handled by
applying the measured results of bench testing in the receiver performance model used.

A number of modifications were made to the assumptions which were made by the TLAT,
and some of these arelisted here, in order to provide clarity in comparing the results of this analysiswith that
inthe TLAT report [Ref. 4].

C

The channel management scheme was defined by LFV to balance transmission loads
over the four channels. The differences from the TLAT scenario involved reducing the
radius of the regiona signalling channel (RSC) region and offsetting the line dividing
RSC1 and RSC2. These changes were made to more evenly distribute the transmissions
among the four channels.

The aircraft are held stationary to avoid the difficultiesinherent in changing reservations
and channd switching in the smulation. Additionally, aircraft were held stationary to
avoid statistical variations due to limited data available per range bin. The effect of
movement is simulated only in the antenna gain calculations, which use the velocities
defined in the CE 2015 scenario. Thisisthe same asthe TLAT assumed. An attempt
was made to determine the effect of motion on the results, but this was not possible in
the time frame of this report and will be investigated by Eurocontrol.

Each transmitter evenly distributesits transmissionsin time across all transmit channels.
For example, if 12 broadcasts for a given transmitter are to be made on the two GSCs,
each channd will have 6 broadcasts evenly distributed with a nominal ten-second gap
between transmissions. Furthermore, each transmission between GSC1 and GSC2 will
have a nomina five-second gap between them. This is accomplished in the smulation
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by inputting the nominal dots on each channel in which each transmitter will broadcast.
These nominal dot assgnmentswere provided by LFV. Inthe TLAT, the transmissions
across channels were uncoordinated for the simulation and then reassembled in the
post-smulation processing.

C Alloweddithering of dotsisalso aninput to the smulation. These were supplied by LFV
in the form of dither ratios for each transmitter in each channel. The overal dithering
was reduced from the nominal 10% dithering on each channel used in the TLAT. This
reduction in dither ratio results from the assumption that the system will control dot
selection on the composite four-channel update rate rather than each channel being
controlled separately.

C Nointent information is being broadcast in the system being analyzed for this study. In
the TLAT, onetwo-dot burst was sent by A3 and A2 aircraft each minute on one of the
globa signaling channels. The VDL Mode 4 system experts proposed that intent
information would be sent on a separate channel, rather than placing the intent load on
any of thefour channelsexamined for thisstudy. Thiswould necessitate another channel
assignment (along with any required guard channels), as well as an additional receive
function for each VDL -4 antenna on the aircraft.

C Aircraft and VDL Mode 4-equipped vehicles located on the ground in the high-density
scenario were excluded from the simulation. This was done in the anticipation that their
transmissions would be made on a ground or local channel and not on a GSC or RSC.
Although this might not require additional receivers on the aircraft, it would require
additional loca channd assgnments.

C There are 120 reserved ground dots per minute on each GSC. These are lotsinwhich
no aircraft can transmit. Thisis one-half of the reserved dots assumed in the TLAT.

C Findly, this study includes a larger statistical sample than the TLAT report, which is
reflected in the consistency and smoothness of the results.

The results of this study are consistent with those done by JHU/APL for the TLAT report,
athough theresultsare not identical, dueto the differencesin assumptions. Therangefor state vector updates
islarger than that for the TLAT. This appears to be aresult of the decreased channel loading for this study,
due to the elimination of intent transmissions and optimisation of the channel management scheme to fit the
ar traffic scenario. The simulation results also indicate that the STDMA protocols provide for very good dot
utilizetion efficiency for all four channels, which appears to be better than that seen by the TLAT. Thismay
be due to the reduced dither ratios, aresult of managing dot selection of the four-channel system, rather than
individual channel dot management as was assumed by the TLAT.

In summary, the VDL Mode 4 system analysed here demonstrates interference resistance
in the high-density scenario out to a range of 70 NM for state vector updates. The transmission of intent
information on a separate channel was not examined for this study.

22122 L ow-density scenario
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The VDL Mode 4 low-density scenario performance was not examined for this study.
2213 1 090 ESinterferenceresistance

Owing to the random nature of the 1 090 ES transmission protocol, there may be anumber
of messages overlapping one another from the perspective of the 1 090 ES receiver, and these overlaps will
be for variable amounts of time. This interference is accounted for in the multi-aircraft 1 090 ES simulation.
Multiple 1 090 ES interferers are treated in the receiver performance model by combining their interference
levels in a way consistent with bench test measurements. The ssimultaneous presence of 1 090 ES
interference, other co-channel interference, and co-site interference is treated in a detailed fashion by the
receiver performance model. This treatment of interference by the receiver performance model has been
derived from the results of bench testing (see Appendix P of RTCA minimum operationa performance
standards for 1 090 MHz automatic dependent surveillance — broadcast (ADS-B) DO-260A [Ref. 8]).

22131 High-density scenario

The high-density Core Europe scenario used for the ADS-B link comparison is defined in
Section 1. This section presents the results of simulation runs which correspond to the assumptions specified
for 2091 aircraft and 75 ground vehicles. Results are shown for a high-altitude victim receiver located at the
center of the scenario. The same high-atitude receive aircraft have been used in the simulations for all three
ADS-B datalinks.

221311 Interfer ence sour ces

The 1 090 MHz spectrum allocation provides dedication of the center frequency to the SSR,
ACAS, and Extended Squitter ADS-B systems, and provides notches around 1 090 MHz for JTIDS/MIDS
and DME/TACAN operations. Therefore, the RF co-channel interference of interest to ADS-B resultsfrom
SSR replies, ACAS replies, and ADS-B itself. All of the co-channel interference environment, with the
exception of ADS-B, is supplied by a smulation developed by Volpe/TASC.

Co-site transmissions of DME interrogations, SSR Mode A/C replies and SSR Mode S
interrogation and replies (including ACAS and 1 090 ES messages) are dll treated asinterferenceto 1 090 ES
reception. All of these are labeled as co-site interference, and it is assumed that no 1 090 ES reception may
occur during any of these co-site transmissions (including a “ramp-down” period added to the end of each
co-site transmission).

Prediction of the future interference environment is uncertain at best. Therefore, two
Mode A/C interference levelswere selected for evaluation in thisanalysis: 30,000/second and 45,000/second
at recelved signal power levels greater than -84 dBm. The higher interference level of Mode A/C was felt
to be amaximum consistent with continued surveillance operations. I nterference levels higher than thiswere
believedto be too much for current systemsto handle, and would likely provoke responses which would limit
increases above this level.

221312 Results
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Results are presented in Appendix C as a series of plots of 95% update times as afunction
of rangefor state vector updates and intent updates, where applicable. The 95% time meansthat at the range
specified, 95% of aircraft will achieve a 95% update rate at least equal to that shown. The RTCA DO-242A
[Ref. 3] requirements and Eurocontrol extension are also included on the plots for reference. (See
Section 2.2.1.1.1.2 for adiscussion of the performance requirement in high-density airspace.)

Since the transmit power and receiver configuration are defined for each aircraft equipage
class, performanceis shown separately for each combination of transmit-receive pair typesanayzed. Results
are presented for A3 equipage receivers only, and for both interference environments.

These results may be summarized as follows:

C RTCA DO-242A [Ref. 3] air-air requirements (see Section 3) are met for high-end air
transport class (RTCA DO-242A equipage class A3) aircraft equipage transmit-receive
pairs for both state vector and TSR update rates at ranges of 40 - 50 NM, depending on
the interference environment.

C RTCA DO-242A air-air requirements (see Section 3) are met for RTCA DO-242A
equipage classAland A2 aircraft equipage transmittersto A3 receiversfor state vector
update rates at ranges of around 40 NM, and for TSR update rates at ranges of
30 - 40 NM, depending on the interference environment.

C The Eurocontrol air-air extension to 150 NM for A3 equipage (see Section 4) is not met
at the 95% level. The 95% level is achieved for State Vector to arange of around of
40 - 50 NM.

C  While air-ground performance was not simulated, 1 090 ES experts are of the view that
al known air-ground update rate criteria can be met for al classes of aircraft out to at
least 150 NM, by using a six-sector antenna.

221313 Discussion

The 1 090 ES multi-aircraft ADS-B simulation was devel oped at JHU/APL for the purpose
of smulating 1 090 ES performance in a scenario with multiple aircraft and interference sources. The
treatment of interference by the receiver performance model has been modeled on performance supplied by
the FAA Technica Center and MIT Lincoln Laboratory for the various receiver categories and interference
levels (see Appendix P of RTCA DO-260A [Ref. 8]).

A number of modifications were made to the assumptions used by the TLAT, and some of
these arelisted here, in order to provide clarity in comparing the results of thisanalysiswith that inthe TLAT
report [Ref. 4].

C Therecever performance mode used for this study is different than that used by the
TLAT. In the intervening time, RTCA DO-260A was modified, improving 1 090 ES
decoding techniques to make it more resistant to Mode A/C interference. The receiver
performance model used for this study is based on detailed smulation of RTCA
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DO-260A-compliant equipment, while that for the TLAT was based on testing of older
equipment.

C The transmit power distribution for A3 transmitters, which was used for this anayss,
was uniform from 53-56 dBm. A3 transmit power was specified in this way to model
what is expected to be deployed. However, RTCA DO-260A alowsfor A3 transmitters
to transmit at powers as low as 51 dBm. This corresponds more closely to the transmit
power distribution assumed for A2 class aircraft in this analysis; therefore, for a class
A3 aircraft with atransmit power near the lower limit of the allowed range, it would be
expected that performance would be given by A2 results in this study, rather than A3.

C The ModeA/C levelsassumed in this study are lower than those that were used for the
TLAT report®.

C Theonly intent information broadcast by the 1 090 ES system in thisstudy isTSR. There
was insufficient time to examine the transmission of TCRs.

C Seventy-five ground vehicleswere assumed to transmitting in the 1 090 ES system. The
1 090 system experts on RTCA SC-186 WG-3 decided that this was more
representative of the likely situation, rather than the 500 assumed for the UAT
evauation.

The assumptions causing the main differences between the results presented here and those
inthe TLAT report are the enhanced decoding techniques and transmit power assumptions, with theimproved
performance resulting from the enhanced decoding being most important.

Note that the approach used for the 1090 system and approved by SCRSP only requires
receipt of asingle position or velocity squitter in order to make a complete SV update.

In summary, 1 090 ES can be expected to demonstrate interference resistance to
approximately 40 - 50 NM for exchange of state vector and TSR information by high-end air transport
category aircraft in the high-density Core Europe 2015 scenario. If Mode A/C interference levels exceed the
levels assumed here, then theresulting effect on 1 090 ESinterferenceresistanceislikely to be adeterioration
of thisrange.

22132 L ow-density scenario

I'n addition to the high-density scenario described above, a scenario was also run to represent
low-dengity traffic levels. This scenario is described in Section 1.

Results of simulation runs for the low-density scenario are shown in Appendix C.

5 Thiswasadecision of SC-186 WG-3, and was based on the assumption that if level s exceeded the maximum of 45,000/sec assumed
for thisanalysis, other systems operating at 1 090 MHz would no longer be able to perform their functions. If rates approach this
level, steps would be taken to reduce interrogations from ACAS and SSR.
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The results for the low-density scenario may be summarized as follows:

C Air-ar requirementsand desired criteriaare met for al aircraft for both state vector and
intent update rates at all ranges specified by the RTCA DO-242A [Ref. 3] (see
Section 3).

C The Eurocontrol extension to 150 NM for A3 equipage (see Section 4) is not met at the
95% level. For State V ector the 95% requirement is achieved to arange of 130 NM, and
for TSR the range supported is 120 NM. The analyzed configuration of 1 090 ES did not

transmit TCRs.
222 System availability
2221 UAT system availability

Presuming no loss of function of transmitting and receiving ADS-B equipment, system
performance in the high-density scenario taking into account factors such as interferenceis as discussed in
Appendix A. Under normal operating conditions, UAT requires an accurate source of UTC time, nominally
from a GNSS receiver (which may be a GPS receiver).

RTCA DO-282 [Ref. 7] specifiesthat every airborneinstalation will maintain the capability
of transmitting in the specified ADS-B segment of the frame for at least 20 minutes after loss of UTC time.
In addition, all airborne receivers will be able to infer time from available ground broadcasts to ensure that
the transmissions will not encroach on the ground segment of the ADS-B frame.

2222 VDL Mode 4 system availability

The system availability for VSL Mode 4 is an issue that has to be andysed in a specific
implementation context. In general, the VDL Mode 4 architectural design, which foresees a number of
operating modes, achieves optimum performance when all stationsare synchronized to UTC (primary timing).
The system performance in the two fallback modes (secondary and tertiary timing modes) was analysed in
the EUROCONTROL VDL Mode 4 timing study [Ref. 9] and was shown that operation in the fallback
modes would not have a significant impact on the performance.

Inlow-density airspace, achieving optimum system capacity isnot critical (i.e.the systemwill
continue to operate, and be available, in the absence of accurate time information). In high-density airspace,
optimum performance can be facilitated with suitable ground infrastructure which will provide the source of
accurate timing. There is no inherent impact to VDL Mode 4 system availability due to its architecture. In
addition, because of the low power requirement of VDL Mode 4 avionics, these radios can be placed on the
emergency power bus without significantly affecting battery requirements and are, therefore, immune to
onboard power failures.
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2223 1 090 ES system availability

The underlying technology of the 1 090 ES, the Mode S system, currently meets performance
requirements for surveillance system availability.

223 System integrity
2231 UAT system integrity

UAT message integrity is based on the performance of the Reed Solomon (RS) codes used
by the various message types of UAT. The basic ADS-B message is a RS (30, 18) code word; the Long
ADS-B MessageisaRS (48,34) code word; and the Ground Up link messageis six RS (92, 72) code words.
These codes provide very strong error correction. Also, the error detection provided by these codes is

sufficient to guarantee a maximum undetected error rate that islessthan 108 for each of the messagetypes.

The table below gives the maximum undetected message error rates (achieved when the
channel bit error rate is 0.5) for each UAT message type:

Table 2.2.3-1: UAT maximum undetected RS message error rates

M essage type Maximum undetected message error rate
Basic ADSB 2.06e-9
Long ADSB 9.95e-10
Ground uplink 5.74e-12
2232 VDL Mode 4 system integrity

The VDL Mode 4 system uses the 16bit cyclic redundancy check (CRC) code and
independent cross-checks on transmitter D and reported state vector changes relative to previous messages
to meet integrity requirement for probability of recelving a message with an undetected error = 167. MOPS
requirements enforcing this cross-check need to be identified. Further information on VDL Mode 4 is
provided in AMCP/5SWP4/Appendix B [Ref. 2].

2233 1 090 ES system integrity

The 1 090 ES system provides a 24-bit cyclic redundancy code (CRC) which providesalevel
of protection against undetected errors in an extended squitter message. Additiona protection is provided in
receiving ADS-B avionics to ensure that system integrity is at required levels. See Sections 1.2.3 and 2.1.9
in RTCA DO-260A [Ref. 8].
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224 Acquisition time

Acquistion timeis defined as the time required, from initial power ON or initial accessto a
channel (if relevant), until the first full ADS-B report is delivered to areceiving end system. This parameter
may depend on the transmit and receive avionics, the assumed channel loading and ground infrastructure.

2241 UAT acquisition time

In an interference-free or low-density environment, the UAT system would be expected to
acquire another UAT transmitter within afew transmission epochs. Since UAT transmits a complete set of
information in one four-second epoch, this trandates to a maximum of around ten seconds. For acquisition
in the high-dendity air traffic scenario, see Section 3 and Appendix A. In a high-density scenario, the
acquisition times will generally be less than thirty seconds.

2242 VDL Mode 4 acquisition time

For VDL Mode 4, a mobile user normally collects data on the GSCsfor 60 seconds prior to
transmitting. This is normally done following power ON, before the aircraft has moved or entered the
movement area of an aerodrome. When a quicker entry is required, the rapid network entry (RNE)
procedures may be used to provide an entry time of 3.5 seconds, resulting from the operation of protocols
specifiedin the | CAO provisions. The stated RNE performance has been validated by simulations carried out
as part of a project for Eurocontrol.

Air-to-air acquisition as aircraft converge at range, particularly at high-density scenarios
needs further evaluation. While there are no specific criteria which address network entry, this is atopic of
importance for VDL Mode 4 and is treated in this section. Operations on the GSCs involve a 10 second
update rate and an ID burst once per minute (aratio of 6:1). The acquisition time would thus be on the order
of minutes (this would typicaly occur while the aircraft is still at the gate).

2243 1 090 ES acquisition time

The 1 090 ES system transmits a complete set of information in around five seconds. In an
interference-free or low-density environment, a 1 090 ES ADS-B receiver might expect to acquire another
1 090 ES participant within a few of these transmission cycles. Receipt of both an odd and even position
message is required, along with the other information, so this would lead to an estimate for acquisition time
inalow interference environment of around 15 seconds. For acquisitioninthehigh-dengity air traffic scenario,
see Section 3 and Appendix C.

225 Independent validation of position
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2251 UAT system independent validation of position

RTCA DO-282 [Ref. 7] 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
requirementsisto support arange measurement between ADS-B transmitting and receiving subsystems that
isindependent of the ADS-B reported position data. Time of message transmission is explicitly encoded in
every fourth transmitted ADS-B message. Due to the pseudo-random nature of ADS-B transmissions that
always occur on alimited number of message start times, the time of message transmission can be inferred
for every UAT ADS-B message. Flight tests with UAT equipment purchased for the FAA Capstone
programme has demonstrated that this equipment can support atime-based range measurement that iswithin
0.2 NM of that as determined from ADS-B.

2252 VDL Mode 4 system independent validation of position

The timing accuracy requirements (400 nanoseconds to 20 microseconds) of the VDL
Mode 4 transmissions support the verification of the range information reported in a transmission (passive
range measurement). These timing accuracies correspond to range accuracies ranging from 0.06NM to
3.24 NM (see Eurocontrol VDL Mode 4 Timing Study [Ref. 9]). The accuracy depends on thetiming mode
in the sending and receiving units. Information on this time accuracy is available viathe ADS-B reports and
hence the expected accuracy for ranging can be determined by the receiving station.

2253 1 090 ES system independent validation of position

1 090 ES ADS-B reported positions may be independently vaidated by ACAS-equipped
aircraft within the ACAS operational range. There are severd possibilitiesfor position vaidation by 1 090 ES
ground stations. With the use of sector antennas, as proposed for high-density termina and long-range en
route sites, it is possible to determine an estimate for the azimuth of the target aircraft, based upon the number
of sectors. A second approach would make use of a possible addition of a 1 030 MHz transmit capability to
the ground station that would be used to perform discreteinterrogations of the associated Mode Stransponder
to vaidate a newly acquired ADS-B target. A third potential technique would be to compare the ADS-B
reported position with surveillance information from an independent surveillance source, such as an SSR or
from a multi-lateration system, which would require integration with the 1 090 ES ground stations. An
independent validation mechanism for non-ACA S equipped aircraft outside of SSR coverage hasnot yet been
devel oped.

226 Functional independence

Aviation systems are typicaly developed to support one or another of the three functional
areas of communications, navigation and surveillance. From a safety standpoint, it isimportant that aviation
systems avoid afailure Mode whereby |oss of one of these three e ements (i.e. communications, navigation
or surveillance) leads directly to the loss of another.
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2261 UAT functional independence

The ADS-B concept (and hence adl ADS-B data links) relies on a navigation input to an
ADS-B trangmitter. Additionaly, UAT transmitters do rely on timing information to support precise control
of ADS-B message transmission time to support independent range validation (see above). Timing with the
precision to support independent range validation will require delivery of timing via GNSS. However timing
information sufficient to support basic UAT media access is readily available without GNSS so that no
degradation in channel throughput performance would occur.

Moreover, UAT is not proposed as a replacement for any communication or navigation
element on board the aircraft. And athough UAT does support uplink broadcast of FIS, it does this by
preserving a permanently dedicated channel resource for ADS-B. Furthermore, UAT ADS-B ingtdlations
would likely have no hardware e ements in common with the ACAS system, minimizing any common-point
failure scenarios between ACAS and ADS-B.

2.26.2 VDL Mode 4 functional independence

The ADS-B concept (and hence all ADS-B data links) relies on a navigation input to an
ADS-B transmitter. VDL Mode 4 dso requires timing information, generally derived from GNSS, athough
aternative timing sources may be used in the event of GNSS failure.

VDL Mode 4 has no common components with current surveillance systems (SSR
transponder, ACAS). In particular, VDL Mode 4 installations would have no hardware elementsin common
with the ACAS system, minimizing any common-point failure scenarios between ACAS and ADS-B.

When a VDL Mode 4 airborne station is operating in high-density airspace (qualitatively
smilar to airspaces with radar coverage today), the service provider can ensure an independent ability to
navigate and derive system time to the accuracy needed to maintain near optimal data link system
performance. This also ensures continued surveillance without reliance on radar. One way ranging and 2D
multi-lateration are also possible. Note that, with multiple ground stations, secondary navigation and normal
ADS-B reporting is expected to be operationaly superior to multi-lateration.

The VDL Mode 4 system typically relies on GNSS to optimize the use of the channel, but
can operate in the complete absence of positioning and time information with a loss of efficiency. This
degradation isnot significant in remote airspace. When required, sync burstsfrom ground-based VDL Mode4
dations (e.g. intra-system signalling) can be used to derive position and time such that no loss of efficiency
isincurred and air-to-air surveillance can be maintained.

2.26.3 1 090 ES functional independence

The ADS-B concept (and hence all ADS-B data links) relies on a navigation input to an
ADS-B tranamitter. The 1 090 ES does not rely upon precise timing that can only be provided by GNSS.
While 1 090 ES implementation can take advantage of legacy Mode S avionics, this ADS-B dternative can
be implemented in a manner independent of the SSR system.
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227 Autonomous air-air operations
2271 UAT autonomous air-air operations

UAT fully supports autonomous air-air operations to the ranges shown in Section 3 in dl
scenarios examined (see aso Appendix A).

2272 VDL Mode 4 autonomous air-air operations

VDL Mode 4 supports both autonomous and directed operations. Autonomous operations
for VDL Mode 4 are typicaly confined to the globa signaling channds, and autonomous reporting rates
remain at nominal/default values (nominally once per 10 seconds). See Section 3 and Appendix B for ranges
of application.

2273 1 090 ES autonomous air-air operations

1 090 ES supports autonomous air-air operations to the limits imposed by its effective range
inthe air traffic scenarios considered, due to the random nature of its transmission protocols and the ADS-B
system integrity supported. See Sections 2.2.1.2 and 3 and Appendix C for ranges of application.

2.2.8 Operational air traffic densities
2281 UAT operational air traffic densities

In Section 2.2.1.1, UAT was shown to meet al air-air update requirements for al but
high-end class aircraft in the most demanding high-density operationa aircraft traffic density environment
expected by 2015 (2 091 total aircraft within 300 NM). For the high-end aircraft, UAT was within the
required update rates to arange of 120 - 125 NM. It also met all expected air-ground update requirements
for ground surveillance of al aircraft classes to past 150 NM. In high-density air traffic areas as ADS-B
equipage with UAT becomeswidespread, it will be necessary to tune on-channel DME/TACAN transmitters
to other frequencies, in order to achieve optimum UAT system performance. However, adjacent channel
DME/TACAN transmitters will not cause system performance to fall below regquirements

2282 VDL Mode 4 operational air traffic densities

VDL Mode4 isamultiple channg system. Therefore, the performance of the VDL Mode 4
system in the considered scenarios is dependent on the number of operational channels.

The performance of VDL Mode 4 using the 2+2+2 channel scheme implemented for this
study (2 globa channel, 2 regional channels and 2 loca channels) is provided in Section 2.2.1.2 and
Appendix B. For the high-density scenario VDL Mode 4 was within the required update rates to a range of
around 70 NM for state vector updates. These results apply to all aircraft equipage types, since the VDL
Mode 4 system specifiesthat al aircraft have the same receiver capabilities, including full receiver diversity.
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2283 1 090 ES operational air traffic densities

In Section 2.2.1.3, results for 1 090 ES in the most demanding high-density operational
aircraft traffic density environment expected by 2015 are presented. For the high-end air transport class
aircraft, the required state vector update rates were achieved to a range of 40 - 50 NM, while for low-end
transport and upper-end GA aircraft, the ranges achieved were 40 NM.

2.2.9 Operational domain radius
2291 UAT operational domain radius

In the absence of interference, the UAT link budget calculation indicates that a minimum
transmit power AO/A 1L category aircraft can bereceived at arange of about 50 NM, an A2 at about 74 NM,
and an A3 at about 186 NM (Reference RTCA DO-282, Appendix F). In Section 2.2.1.1, it was shown that,
under the severe interference high-density air traffic scenario, AO aircraft were received at greater than
10 NM, A1l at greater than 20 NM, A2 at greater than 40 NM, and A3 at around 125 NM. The ranges
achieved are sufficient for these categories of aircraft to perform al applications currently envisioned for
them.

2292 VDL Mode 4 operational domain radius

In the absence of interference, the VDL Mode 4 link budget calculation indicates that a
minimum transmit power aircraft can be received at a range of about 200 NM. This range is the same for
all aircraft, since the system specified for this study requires that al aircraft transmit with the same power.
In Section 2.2.1.2, it was shown that, under the high-density air traffic scenario, state vector information
transmitted by an aircraft equipped with VDL Mode 4, using the channel management system specified, is
expected to be received at a sufficient rate between the ranges of 10 - 70 NM. Although intent information
is not available in the system analysed for this study, this range for state vector updates is sufficient for
arcraft to perform many of the applications currently envisioned.

2293 1 090 ES operational domain radius

I nthe absence of interference, the 1 090 ES link budget cal culation indicates that a minimum
transmit power AQ category aircraft can be received at arange of about 14 NM, an A1 at about 21 NM, an
A2 at about 38 NM, and anA3 at about 67 NM (RTCA DO-260A [Ref. 8], Appendix E). In Section 2.2.1.3,
it was shown that, under severe interference high-density air traffic scenario, Aland A2 category aircraft
can be received at 40 NM, and A3 at around 40 - 50 NM. This range is sufficient for aircraft to perform
many of the applications currently envisioned. Note that as a result of the FAA ADS-B link decision
[Ref. 10], equipage class A0 1 090 ES avionicsis not expected to be used in the U.S.

2210 Received update rate (air-ground and air-air)

For adiscussion of this criterion, see Sections 2.2.1 and 3.
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2211 Barometric altitude resolution
22111 UAT barometric altitude resolution

The UAT ADS-B message structure supports reporting barometric atitude over the range
of -1 000 feet to 101 325 feet to aresolution of 25 feet.

22.11.2 VDL Mode 4 barometric altitude resolution

The VDL Mode4 message structure supportsreporting barometric dtitudewith thefollowing

resolution:
Altitudein feet Resolution in feet
-1 300<dtitude<8 000 10
8 000<altitude<72 000 25
72 000<dtitude<130 000 100

The VDL Mode4 supportsreporting of one primary altitude (either barometric or geometric)
and the reporting of the offset of the other altitude to the primary atitude. The resolution of the reported offset
is 50 ft when the primary altitude is below 24 000 ft and 100 ft when it is above.

22113 1 090 ES barometric altitude resolution

The 1 090 ES ADS-B message structure supports reporting barometric atitude over the
range -100 feet to 50 175 feet to a resolution of 25 feet. For dtitudes above 50 175 feet, the resolution is
100 feet.

2212 Geometric altitude resolution
22121 UAT geometric altitude resolution

The UAT ADS-B message structure supports reporting geometric atitude over the range
of -1 000 feet to 101 325 feet to aresolution of 25 feet. Additionally, UAT supports reporting of geometric
dtitude as a“ Secondary” dtitude simultaneoudly (at alower update rate) with barometric altitude.

22122 VDL Mode 4 geometric altitude resolution

The VDL Mode 4 message structure supports reporting of geometric altitude resolution with
the same resolution as defined for the barometric atitude (see previous section).
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22123 1 090 ES geometric altitude resolution

When barometric dtitudeisthe primary atitude being reported, geometric atitudeisreported
as GNSS Height Above the Ellipsoid, with a resolution dependent upon dtitude, which is the same as that
described in Section 2.2.11.3.

2.2.13 RF frequency
22131 UAT RF frequency

Because of the safety aspects of surveillance operations, some nationd policiesrequire that
surveillance operations occur in frequency bands that are protected for aeronautical radionavigation service
(ARNS). The UAT is being approved for operation in the United States at 978 MHz, part of the
960 - 1 215 MHz ARNS band. Since the UAT is proposed for international operation at 978 MHz, the UAT
operating frequency is suitably protected to support critical surveillance applications. Suitability for UAT to
operate in the 960 - 1 215 MHz band under existing alocationsis being reviewed in certain States.

The 978 MHz frequency is currently allocated to DME and TACAN. In part, because radio
regulations define use of 978 MHz for DME/TACAN for emergency use, only seven operationa
DME/TACAN stations have been identified worl dwide as operating on 978 MHz. All seven of these stations
are in the ICAO European region.

Operational impact on the use of UAT on the surface of a co-located 979 MHz (1 MHz
offset) DME/TACAN ground station remains under review.

22132 VDL Mode 4 RF frequency

VDL Mode 4 SARPs specify operationinthe VHF AM(R)S band. In addition the operation
inthe VHF ARNS band isrecommended. In order for the latter to be enabled the relevant discussionsin I TU
should conclude favorably.

Frequencies for VDL Mode 4 in Europe have been proposed by Eurocontrol. The plan
anticipates placing the VDL Mode 4 frequencies at thetop of the VHF AM(R)S band and has been approved
by the ICAO EUR Frequency Management Group (FMG) in Europe.

It is uncertain at this time whether VDL Mode 4 will be permitted to use frequenciesinthe
VHF ARNS band. The proposd to the FM G included two frequenciesin the upper VHF AM(R)S band and
two frequenciesinthe VHF ARNS band. The European planning activity isproposing four channelsfor VDL
Mode 4 use.

For the performance analysis in the high-density air traffic scenario presented in this study,
with transmission rates as set by the VDL Mode 4 experts participating in this analysis, four channels were
required for air-to-air state vector transmissions done. A redigtic single-link VDL Mode 4 ADS-B system
for this scenario would require 3 - 4 additional channelsto support ADS-B surface operations, higher ADS-B
broadcast ratesfor aircraft on approach, and long range air-to-air and air-to-ground deconfliction applications.
This analysis assumed eight VDL Mode 4 receivers cards per aircraft (four per antenna).
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22133 1 090 ES RF frequency

The 1 090 MHz frequency has been approved for 1 090 ES operation on a globa basis.
Because of the safety aspects of surveillance operations, some national policies require that surveillance
operations occur in frequency bands that are protected for agronautical radionavigation service (ARNS).
Operationa impacts on radar systems of the transmission of extended squitters on the surface and outside
of the movement areas of airports remain under review.

2214 Antenna requirements

22141 UAT antenna requirements

Depending on the UAT equipment class of the installation, UAT will require either one or
two antennas. The type of antennas currently in use on civil aircraft for either DME or transponder operation
will perform well for UAT. Furthermore, testing of two separate commercialy available diplexer devicesis
underway at FAA Technical Center. It is expected that these diplexer devices will allow sharing of the
existing transponder antenna(s) with UAT. This could be especidly applicable for air-carrier installations
where the transponder antenna network includes top and bottom antennas and manages access to redundant
transponders (ADS-B systems).

Additiondly, one magor equipment manufacturer has investigated an antenna sharing
implementation for a new transponder/UAT integrated implementation and has indicated that such an
implementation is feasible.

22142 VDL Mode 4 antenna requirements

The VDL Mode4 system is expected to beimplemented using one or two antennas. A single
antenna installation is typical for a ground vehicles, gliders, small general aviation etc. A two-antenna
ingdlation is typical for genera aviation and air transport. A two-antenna configuration could use both
antennas for receiving and one or both for transmitting. It may be possible to share antennas with other VHF
systems, but this needs to be analysed in specifying an overall airborne architecture.

For the performance anadlysisin the high-density air traffic scenario presented in this study,
it was assumed that all aircraft were equipped with two antennas, one on top and one on the bottom, and that
both were used for receiving and that transmissions aternated between the two.

22143 1 090 ES antenna requirements

Antenna requirements for 1 090 ES on air transport class aircraft will generally be met by
existing transponder/TCAS antennas. Antenna guidance for general aviation aircraft is provided in RTCA
MOPS. The 1 090 ES antennarequirements are provided in Section 2.2.13 of RTCA DO-260A [Ref. 8], and
the antenna characteristics are defined in Appendix C of RTCA DO-260A.
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2215 Spectrum efficiency
22151 UAT spectrum efficiency

The ICAO 960 - 1 215 MHz channel plan divides the band into distinct 1 MHz paired
channels (i.e. 1 MHz for the uplink signa and 1 MHz for the downlink signa). Due to its use of spectrally
efficient frequency shift keying (FSK) modulation, the UAT requires a single 1 MHz channel to meet
combined uplink/downlink ADS-B and TIS-B requirements evenin the most stringent and challenging ATC
environments. In addition, that single channel will aso provide 32 assignable “sub-channds’ for uplink of
broadcast messages such as FIS-B. Because of the format of the ICAO channel plan, utilization of the
978 MHz frequency (uplink for channel 17X) for UAT does not preclude the use of the paired 1 041 MHz
(downlink for channel 17X) frequency, as that frequency is aso used aspart of the 17Y (1 041/1 104 MH2z)
pair.

22152 VDL Mode 4 spectrum efficiency

The STDMA technique and multi-channel concept provide flexible alternatives for
implementing VDL Mode 4 with spectrum efficiency in mind. When an entire 25 kHz channel is usedtoits
maximum capacity, a new channel can be allocated to cope with a more demanding air traffic scenario.

The VDL Mode 4 system spectrum efficiency in terms of bits per second per Hz of channel
bandwidth also depends on the number of guard bands that may need to be used. The number of guard
channels required will be specified by compliance with VDL Mode 4 frequency planning criteria currently
being developed by AMCP. Draft frequency planning criteria propose that adjacent channel interferenceto
aVDL Mode4 channel belimited so asto degrade message success rate by no more than two percent. (This
metric would imply that the maximum message success rate for VDL Mode 4, independent of range, would
need to be less than 98%.)

Note that studies should be performed to determine if it is possible for additional uplink
broadcast services, suchas FIS-B and TIS-B to be accommodated in the guard bands located between the
channels allocated for air/air and air-ground services. This would have the potential to enable efficient
Spectrum utilization.

22153 1 090 ES spectrum efficiency
The 1 090 ES system shares aready alocated aeronautical spectrum and in fact improves
the utilization of that spectrum by providing additional servicestherein. The additional interference caused by

ADS-B transmissions on 1 090 MHz is hot projected to produce amaterial impact on the operation of the SSR
or ACAS systems.

2216 Support to all classes of users
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22161 UAT support to all classes of users

UAT isexpected to support the full range of userswith no specia installation constraints that
would limit its adoption. RTCA DO-282 [Ref. 7] addresses a range of equipment classes to tailor UAT
equipment to the appropriate cost/performance combination for each class of potentia user. In addition, as
described in Sections 1 and 15, UAT has been shown to be resistant to the numerous co-site transmissions
on 1 030 and 1 090 MHz, and tests are ongoing into the possibility of shared L-band antennas.

2.2.16.2 VDL Mode 4 support to all classes of users

VDL Mode4 isexpected to be availableto al classes of users. Thelow power requirements
support the low-end category of users (ground vehicles, gliders, etc). For example, recent airport surface
testing at London Heathrow has confirmed advantages of using the VHF band referred to in section 2.2.30.2.

2.2.16.3 1 090 ES support to all classes of users

The 1 090 ES system has been designed to support the full spectrum of aviation users (see
Section 2.1.11 of RTCA DO-260A [Ref. 8]). Cost implications of the system for general aviation were a
factor in the July, 2002 FAA ADS-B link decision [Ref. 10], which discusses the choice of UAT as the
general aviation ADS-B link within the U.S. National Airspace System.

2217 Support of related applications

22171 UAT support of related applications

UAT has specificaly been designed to attempt to support, in both today’s and future
high-dengity airspaces, the air-to-air and air-ground ADS-B applications in industry ADS-B system-level
documentsincluding the Minimum Aviation System Performance Standardsfor ADS-B developed by RTCA
Special Committee 186, the Free Flight Operational Enhancements proposed by the RTCA Free Flight Select
Committee, and air-ground applications articulated by Eurocontrol during the Technical Link Assessment
Team effort. UAT complies with 225 of 228 RTCA DO-242A [Ref. 3] requirements and offers
near-compliance with the remaining three. UAT further fully meets one of three Eurocontrol additional
criteria and partially meets another. Assessment of the UAT against the technical requirements mentioned
above isprovided in Sections 3 and 4 of this paper aswell asin Appendix A. UAT isintended to support other
applications, such as those discussed in Appendix E of RTCA DO-242A.

Additiondly, the Ground Uplink Segment of UAT was designed expresdy to support
aurveillance- and situational awareness-related broadcast services such as Traffic Information
Service-Broadcast (T1S-B) and Flight Information Service-Broadcast (FIS-B). UAT has been assessed as
supporting all mandatory requirements of the Minimum Aviation System Performance Standards for FIS-B
published by RTCA in 2001.
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2217.2 VDL Mode 4 support of related applications

VDL Mode 4 offers the potentia and flexibility to support multiple applications since it isa
channelized system (different applications can be separated onto different channels), and is designed to
support communications, navigation and surveillance applications. For example the system supports both
air-ground and air-air point to point communications services.

Eventhough VDL Mode4 supportsreception/transmission on different channelsfor different
servicesthisis not anecessity. In both high- and low-density airspace awell-planned, interconnected ground
infrastructure can optimize the channel usage.

22173 1 090 ES support of related applications

The 1 090 ES system can directly support hybrid surveillance, a technique which uses the

receipt of ADS-B information to improve the spectrum efficiency of ACAS. Furthermore, 1 090 ES usesthe

overal Mode S message frame structure, the most similar message format being Comm B; therefore, there
isasynergy between Extended Squitter and Mode S Data Link equipage.

2218 Minimal complexity
22181 UAT minimal complexity

The TLAT agreed that the UAT has the smplest technical concept among the three links
(TLAT report [Ref. 4] Section 5.1.2). The following attributes of UAT dlow it to be implemented with a
minimal amount of complexity:

C No tracking or message assembly required to generate ADS-B reports;

C No latitude/longitude decompression or ambiguity resolution is required;

C No channd sensing required for performing media access; and

C  No channel management or tuning required

22182 VDL Mode 4 minimal complexity

VDL4 has asmple control architecture for low density airspace regions. For high density
regions VDL 4 has a moderate complexity control arch using ground protocols to manage the assignment of
channels for bdcst services. This is handled by broadcasting Directory of Service messages in the Global
Signaling Channels (GSCs).
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22183 1 090 ES minimal complexity

The 1 090 ES system has moderate to high complexity, because of properties of the legacy
systems with which it must interoperate. On the other hand, this complexity isin most caseswell understood,
because of extensive operational experiencewith theselegacy systems. The addition of a1 090 ES capability
to aMode S transponder introduces modest additional complexity.

2219 Non-interference with other aeronautical systems
22191 UAT non-interference with other aeronautical systems

The UAT has been designed to operate at 978 MHz, in the lower portion of the
960 - 1 215 MHz ARNS band. This band is extensively used throughout the world for DME and TACAN.
The bandisalso utilized in some States on a non-interference basis by the military JTIDS/MIDS. Recognizing
this heavy use, UAT has been specificdly tailored - through matched hardware filters, and extensive digital
error-correction coding - to be compatible with high-density pulsed environments. Coupled with the selection
of a UAT center frequency (978 MHz) that is unused for DME/TACAN in much of the world due to
difficulties protecting its paired VHF omni-directiona range (VOR) frequency from FM broadcast stations®
, testing/analysis has confirmed that the UAT can be introduced to the band with no change required to either
DME/TACAN “ramptester” utilization or JTIDSMIDS operations. Furthermore, DME/TACAN testing has
shownthat acceptable operational DME/TACAN performance will be maintained for co-channel (978 MHz)
DME/TACAN assignments even in the presence of high-density UAT environments, and that UAT
performance is achieved in the presence of high-density co-channel DME/TACAN in low-density UAT
self-interference environments. Note that while future UAT performance will ultimately require vacating
some number of the 7 European 978 MHz operational DME/TACAN assignments, the robust nature of the
UAT sdignad, together with its non-interference to DME/TACAN applications, will greatly ease system
trangition in those limited geographic areas where 978 MHz is used for DME/TACAN.

Whilst a suitable frequency seems likely to be available in the USA, the European situation
is more complex. The ECAC navigation strategy foresees the long-term use of DMEs to support GNSS in
providing a harmonised area navigation environment. Thiswill require significant deployment of new DMEs
in Europe, in particular within termina areas. The current estimate is that 180 - 200 new DMEs will be
required by 2010. Assignment of UAT to 978 MHz in Europe will need to be coordinated with execution of
this ECAC navigation strategy which itself will need to be reconciled with current radio regulations for the
use of 978 MHz by DME/TACAN. The performance analysis for this study accounted for all currently
planned DME/TACAN allocations.

Additiondly, thesingle-aircraft UAT duty cycleis.0004, which providesalow level of co-site
interference to other systems.

5 In particular ICAO Annex 10 notes, “108.0 MHz is not scheduled for assignment to IL S service. The associated DME operating
channel No. 17X may be assigned for emergency use.”



AN-Conf/11-1P/12
A-31 Appendix

2219.2 VDL Mode 4 non-interference with other aeronautical systems

VDL Mode 4 will operate in the VHF agronautical band on dedicated channels. The
frequency planning criteria should address the interference issue to systems (VDL Mode 4 and others)
operating in adjacent channels. Section 2.2.1.2.1.3 states that the analysis done for this report alows for the
accepted level of adjacent channel interference. The analysis also assumes no other interference of any sort.

2.2.19.3 1 090 ES non-interference with other aeronautical systems

The “notching” of the 1 090 MHz frequency with regard to frequency alocation of services
other than SSR and ACAS substantially mitigates any interference by 1 090 ES with the operation of such
other systems. The operation of 1 090 ESis not projected to materialy affect the performance of the SSR
and ACAS systems. With regard to co-site interference by 1 090 ES on other L-band aircraft systems,
responses to interrogations by SSR and TCA Stake precedence over the transmission of 1 090 ES. The duty
cycleof 1 090 ESisat worst on the order of .001. This low duty cycle, in conjunction with standard mutual
suppression techniques, implies that co-site interference of 1 090 ES should have no materia operational
impact.

2.2.20 Transition issues

All ADS-B link will require new aircraft equipment and ground infrastructure. Thetransition
process must takeinto account timescal esfor theintroduction of ADS-B applications by air navigation service
providers and aircraft equipage. TIS-B is an important application to support the transition process.

2.2.20.1 UAT transition issues

The design of the UAT Ground Uplink Segment furnishes an aternative implementation of
trangtion services such as TIS-B that provides no interference to UAT transmissions from equipped aircraft,
should such an dternative implementation become necessary in high-density airspace. The proposed UAT
frequency of 978 MHz is, on a worldwide basis, populated by only 7 DME/TACAN assignments.
Investigation of the use of adiplexer to permit the sharing of existing transponder antennas by UAT avionics
is being undertaken.

22.20.2 VDL Mode 4 transition issues
The protocol stack of VDL Mode 4 enables Ground-to-Air services (eg. TIS-B) to be

transmitted in either the pre-protected dots of the VDL Mode 4 timeframe or in protected dots assigned
dynamically. It is aso possible to transmit on dedicated channels.
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2.2.20.3 1 090 ES transition issues

The 1 090 ES system has specific attributes that support transition to ADS-B in severa
important ways. First, early operationa implementation of ADS-B on aworldwide basis can be supported at
present, because of the worldwide frequency alocation and SARPS for the 1 090 ES system. In large part
because of this attribute, as well as the synergy between 1 090 ES and existing SSR/ACAS avionics, the
1 090 ES system has been selected by the FAA and is under consideration by Eurocontrol asthe near-term
ADSB link for ADS-B implementation that is interoperable between the United States and Europe.
The 1 090 ES system aso supports TIS-B.

Both Boeing and Airbus are expected to deliver their new commercial air transport aircraft
with 1 090 ES ingaled beginning in 2003, using the initial 1 090 ES MOPS (DO-260 [Ref. 8]) as a basdline
(see 2.2.25.3 below). TCASACAS manufacturers are either currently shipping or have plans to offer by
2003 avionics that also incorporate 1 090 ES capability.

2221 Impact of fundamental design: frequency band

22211 UAT impact of fundamental design: frequency band

The ICAO 960 - 1 215 MHz channel plan divides the band into distinct 1 MHz paired
channels (i.e. 1 MHz for the uplink signal and 1 MHz for the downlink signd). This supports designslike the
UAT that utilize high burst rate, unschedul ed transmissions on asingle channel. The choice of frequency band
for UAT hasbeneficial cost impactsasdiscussedin Section 2.2.31.1. The UAT has been designed to operate
compatibly with existing users of the band, and from a regulatory standpoint, at least one Administration’s
responsible agency has made a preliminary ruling that UAT is an acceptable use of the band under the
exiging provisions for “electronic aids to airborne navigation” as contained in S5.328 of the International
Telecommunications Union (ITU) Radio Regulations.

22212 VDL Mode 4 impact of fundamental design: frequency band

VDL Mode 4 operatesin the VHF aeronautical band. Asaresult, itisa25 KHz system and
the choice of this band provides long-range performance using low power transmissions, while necessitating
multi-channel operation in high-density airspace.

The radio wave propagation characteristicsin the VHF band make VDL Mode 4 well suited
to operation in al phases of flight, including operations on the ground. The recent trids at Heathrow have
indicated that good results are obtained with VDL Mode 4 for surface operations.

22213 1 090 ES impact of fundamental design: frequency band

The frequency band in which 1 090 ES system operates provideswide channelization (8 MHz
band allocation), which is well-suited to broadcast services.
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2222 Impact of fundamental design: modulation
22221 UAT impact of fundamental design: modulation

The UAT uses continuous phase frequency shift keying modulation. The continuous phase
aspect limits the bandwidth of the transmitted signal, while frequency shift keying supports smple,
cost-effective receiver and transmitter equipment, as no knowledge of the phase of the carrier (i.e. carrier
coherence) is needed.

22222 VDL Mode 4 impact of fundamental design: modulation

VDL Mode 4 uses a GFSK modulation scheme, which provides a 19.2 kbps data rate within
a message, while providing a relatively low 12 dB D/U ratio for a system involving airborne transmitters
(Manual on Detailed Technical Specifications for the VDL Mode 4 Digital Link [Ref. 11]). A required D/U
of 10 dB is specified in MOPS as a result of tests on equipment.
22223 1 090 ES impact of fundamental design: modulation

The 1 090 ES system uses the well-understood and validated modulation scheme of the
Mode S datalink (ICAO Annex 10, Volume IV [Ref. 12]).

2223 Impact of fundamental design: multiple access
technique
22231 UAT impact of fundamental design: multiple access technique

UAT operatesin a single channel using the same frequency for transmit and receive. The
UAT frame isdivided into two segments. One segment uses arandom access protocol and is used for mobile
station transmissions. The other segment is used for ground station transmissions and is divided into timedots.
The impacts of the above multiple access techniques are:

C  Ground uplink transmissions do not interfere with aircraft transmissions, and vice versa,
improving the robustness of ADS-B and ground uplink services.

C UAT spectrum efficiency isimproved and equipment design is smplified.
22232 VDL Mode 4 impact of fundamental design: multiple access technique

VDL Mode 4 system utilises a self-organising TDMA access scheme, which provides for
autonomous and ground controlled modes.
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22233 1 090 ES impact of fundamental design: multiple access technique

1 090 ES uses a randomized media access protocol, with dithering of successive
transmissions from asingle ADS-B system partici pant.

2224 Maturity of technology

22241 UAT maturity of technology

UAT technology has been used operationally for 170 aircraft to supply radar-like ATC
services and improved situational awareness in the FAA Alaska region. This operational experience has
served as the basis for the recent completion of MOPS, U.S. spectrum approval for use of the system at
978 MHz, and development of aTechnical Standard Order (TSO) C-154, whichisthefirst certification order
for operational ADS-B equipment. Two hundred additiona aircraft will be equippedwith MOPS-compliant,
certified UAT equipment by 2004, and existing operational UAT equipment will be upgraded to the
certification baseline provided by the MOPS and TSO. UAT is sufficiently mature that SARPS devel opment
has started on an at-risk basis.

2.2.24.2 VDL Mode 4 maturity of technology

VDL Mode4 hasICAO provisionsapproved. |n additioninterim MOPS (ED-108) have been
developed and are being updated. A European Norm (EN) for ground stations has been developed (EN
301842 parts 1 and 2, December 2002).

A loca implementation of STDMA/VDL Mode 4 for surface movement applications has
been in operation since 1988 at Arlanda Airport tracking ground vehicles for snow clearance operations.

An ADS-B ground station has beeningtaled at Kiruna, in northern Sweden which does not
have radar. The VDL Mode4 ground station isintended to support ATC surveillancethrough the presentation
of equipped aircraft on a situation display in the control tower. At Arlanda Airport, VDL Mode 4 will serve
as a common platform for distribution of operationa data. When fully implemented the system will provide
ADS-B reporting for alarge number of airport surface vehicles and a number of SAS and other operators
aircraft.

Trias and flights have taken place in various projects in Europe and details are provided in
Section 2.2.25.2.

22243 1 090 ES maturity of technology
The 1 090 ES system builds upon mature SSR technology. Joint RTCA-EUROCAE MOPS

and ICAO SARPS and guidance materia are available and are being updated to reflect the improved
1 090 ES design under assessment in this document.
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2.2.25 2.2.25 ADS-B related activities and time-scales
22251 UAT ADS-B related activities and time-scales

UAT (in a pre MOPS form) has been used in the FAA’s Alaska Capstone programme
beginning in February 2000. UAT is currently installed on over 170 air taxi aircraft in Western Alaska.
Beginning in January 2001, the UAT/ADS-B has been supporting the first operationa use of ADS-B for
aircraftinflight, providing ATC radar-like servicesinthe Bethel Alaskaarea. The Capstone programme plans
to replace the pre-MOPS UATs with MOPS compliant equipment and add approximately 200 aircraft in
Southeast Alaska beginning in 2003.

2.2.25.2 VDL Mode 4 related activities and time-scales

A number of trials involving VDL Mode 4 have been completed or are underway.
Demonstrations of VDL Mode 4 support for air-air, air-ground and surface surveillance have been conducted
in Europe including North-European ADS-B Network (NEAN), NEAN Update Programmeme (NUP),
Mediterranean Free Flight (MFF) and Mediterranean Update Programmeme (MEDUP). NEAN provided
early evidencethat ADS-B isfeasible and can be used in ATM from gate-to-gate. Based on the experiences
from NEAN and associated projects, the NUP was formed to move the work closer to operationa use by
investigating the necessary steps in terms of certification, aircraft integration and application development.
NUP is entering its second phase with the objective of establishing a European ADS-B network based on
global standards supporting certified applications and equipment in synergy with the European ATM concepts
providing benefitsto ATM stakeholders.

Within Sweden, the network implemented as part of the NEAN programmeme is being
updated to become fully compliant with the ICAO VDL Mode 4 provisions within the framework of NUP.
The network of ground stations will be made denser by a national programmeme called ADS2005.

The MEDUP and MFF programmes are evaluating the feasibility of applying ADS-B
services in the Mediterranean area. MEDUP is focused on establishing an extensive VDL Mode 4
infrastructure, while M FF isfocused on operationa aspectswhiletaking advantage of ADS-B based services.
Liveflight trias are planned.

22253 1 090 ESrelated activities and time-scales

Existing RTCA and ICAO standards for 1 090 ES are being updated. The updated RTCA
M OPS are expected to be published in the second quarter of 2003 and the FAA will then publishaTSO some
months later. This TSO will be used as the basis for the certification of 1 090 ES for operationa use in the
United States. Corresponding revisions to the ICAO standards are expected to be approved at SCRSP/1 in
2004. The revisions to the 1 090 ES standards maintain backward compatibility with the existing RTCA,
EUROCAE and ICAO standards. Version 0 (DO-260 conformant) is currently being installed in some
aircraft. 1 090 ES (verson 0) systems have been ingtaled on aircraft to support broadcast-only
(i.e. air-to-ground applications) trialsin Austrdia.
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2.2.26 I nter oper ability

Note that all ADS-B links evaluated support TIS-B, thereby asssting interoperability with
non-equipped aircraft.

22261 UAT interoper ability

The UAT MOPS, updated as needed to ensure conformance with anticipated UAT SARPS,
will continue to ensure interoperability across different vendor implementations of UAT.

As articulated in the 2002 FAA ADS-B Link Decision Document [Ref. 10], interoperability
between UAT and the 1090 ES in the United States will be supplied through ADS-B gateways. Moreover,
multi-link implementations within a single aircraft are being explored (eg. see the discussion in
Paragraph 2.2.14.1 above).

2.2.26.2 VDL Mode 4 inter operability

The VDL Mode 4 SARPS, MOPS (when approved), and EN will ensure interoperability
between systems devel oped by different manufacturers.

22263 1 090 ES inter oper ability

The 1 090 ES SARPS and MOPS will ensure interoperability across different vendor
implementations of 1 090 ES.

As articulated in the 2002 FAA ADS-B Link Decision Document [Ref. 10], interoperability
between UAT and 1 090 ES in the United States will be supplied through ADS-B gateways. Moreover,
multi-link implementations within asingle aircraft are being explored.

2.2.27 Flexibility
22271 UAT flexibility
UAT offersflexibility in the following areas.

C Future changesto the ADS-B message structure could be accommodated through over
20 spare payload type codes that are unused in the current MOPS definition of the
system.

C The 5 UAT equipment classes defined in RTCA DO-282 [Ref. 7] alow users the
flexibility to install a system with only the cost and performance that meets their needs.

C Duetothefrequency relationship between UAT and the 1 030/1 090 MHz SSR system,
use of adiplexer deviceto share antennas with the transponder will offer someflexibility
for ingtdlation on aircraft.
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22272 VDL Mode 4 flexibility

The VDL Mode 4 provides the flexibility to define new messages following the evolution of
the application requirements. The high degree of configurability of VDL Mode 4 permits it to be highly
adaptable to changes in airspace needs and composition.

VDL Mode 4 has the flexibility to support other services such as ground broadcast and
point-to-point communications, either air-to-ground or air-to-air. Air-to-air communications may be a
requirement for advanced airborne separation assistance system (ASAS) applications.

It is possible to take advantage of the position data provided by VDL Mode 4 to enhance the
safety and security of data communication and to manage the communication system for maximum channel
utilization. The use of position dataiis an inherent advantage of a system supporting combined CNS services.

22273 1 090 ES flexibility

1 090 ES has necessarily been designed with anumber of constraints owing to itsrelationship
with SSR/ACAS. These same relationships support cost-effective flexibility in partitioning surveillance
implementation between SSR, ACAS, and ADS-B as a function of time. Multiple equipage classes of
1 090 ES avionics have been defined to provide users with a choice of functionality and cost.
2.2.28 Non-proprietary

ICAQ policy isthat if thereis any need to use a patent then the patent must be offeredfor
license to aviation in afair, reasonable and non-discriminatory way.

22281 UAT non-proprietary

The UAT system does not have any known proprietary aspects.
22282 VDL Mode 4 non-proprietary

AMCP/7 noted that no patents applicableto the VDL Mode 4 SARPswereidentified at the
meseting. It therefore concluded that the material proposed in the SARPs would be freely accessible to
everybody, subject to no particular conditions.
22283 1 090 ES non-proprietary

The holder of akey patent for 1 090 ES technology has made that technology available to

the aviation community without any financia obligation. Therefore, there are no known proprietary issues
associated with 1 090 ES.
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2.2.29 Robustness/fallback states
22291 UAT robustness/fallback states

Under norma conditions UAT relies on timing information derived from GNSS. Timing
information from GNSSis needed primarily to support arangeto target measurement independent of ADS-B.
Upon afailure of GNSS, the navigation input to UAT could come from any appropriate navigation source
(e.g. inetia, FMS). For timing the UAT can fall back to timing derived from receipt of uplink messagesfrom
ground stations in order to prevent ADS-B transmissions from conflicting with ground uplink transmissions.
Inthisfalback condition, the independent range measurement would not be available, but basic UAT ADS-B
transmission performance should not be affected.

2.2.29.2 VDL Mode 4 robustness/fallback states

VDL Mode 4 provides 3timing modes. The primary timing Mode relies on GNSSto provide
the required accuracy. Thetwo fallback modes support continuing operations. If astation isunableto maintain
primary time, a station reverts to secondary timing. Under secondary timing, the station uses its internal
ocillator to limit the drift away from UTC. Under tertiary timing, no sources synchronized to UTC are
available and gtations transmit a time calculated as the mean dot start time of the surrounding transmitters.
This circumstance, while degrading VDL Mode 4 communications, will not result in alossin communication
capability, the drift away from UTC will result in errors when the stations are resynchronized to UTC.

22293 1 090 ESrobustness/fallback states

The randomized nature of 1 090 ES mediaaccess mitigatestheimpact of avionicsfalure of any given ADS-B
system participant. Additionaly, operation of the 1 090 ES system does not substantively degrade when
precise timing (e.g. from GNSYS) is lost. The enhanced Extended Squitter decoder provides for improved
probability of successful receipt of an ADS-B Extended Squitter in the presence of multiple SSR overlaps.

2230 Future suitability
22.30.1 UAT future suitability

UAT has been demonstrated, through smulation and analysis, to be suitable to support most
ar-to-air ranges and ADS-B Report update requirements, required and desired, of RTCA DO-242A in
“worst-case” future (2015) high-density airspaces. Line-of-sight reception for air-ground applications has
been ensured aswell, using asingle ground station (athough multiple sector ground antennas may be required
in areas of sgnificant off-channel DME activity).
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2.2.30.2 VDL Mode 4 future suitability

VDL Mode 4 offers aflexible solution in that it providesvariable reporting ratesand is able
to provide other services such as ATN communications. It can also provide air-to-air point-to-point
communications. It is expected to offer good airport surface performance as VHF has good ground
propagation characteristics.

2.2.30.3 1 090 ES future suitability

The 1 090 ES system is projected to be suitable for high update rate, short range air-air and
ar-ground ADS-B applications (e.g. hybrid surveillance, support of paralel runway approaches, enhanced
see-and-avoid, conflict detection, air-ground applications within a TMA) for the foreseeable future.

2231 Cost

Only two known attempts to comprehensively assess costs of the three ADS-B link have
been undertaken. The FAA undertook a comprehensive cost analysisin 2001 - 2002 as part of its ADS-B
link decision process. (see http://adsb.tc.faa.gov/ADS-B.htm) which showed UAT to have relatively lower
cost profiles across al classes of installations. Note that this was a snapshot of the market and it is expected
that costs for all links may change in the future. Similar considerations have been taken by Eurocontrol and
the European Commission [www.datalinkroadmap.com)], concluding that costs were scenario dependent and
that the cost of link avionics was not a discriminator among the links. Equipment cost considerations can
indeed be complex, and proponents of individual ADS-B links have objected, for one reason or ancther, to
assumptions made in the cost analyses referred to above.

22311 UAT cost
The following factors of the UAT design serve to minimize its installed system cost:

C Thefreguency of UAT operation and its very low duty cycle, may make it practica to
share antennawith transponder systems. This could be animportant consideration on air
transport category aircraft where the transponder antenna network supports both
diversity and access from redundant transponder units.

C The single channd operation of UAT diminates the need for multiple channels or logic
to support channel tuning.

C A random-based mediaaccessalowsfor minimal transmit-only installationsand requires
only smple logic

As an example of costs for smal single engine aircraft, the FAA’s Alaska Capstone programme has
purchased approximately 180 shipsets of avionics equipment at acost of around $20 000 per shipset installed.
This cost includes UAT avionics, a GPS navigator, a multifunction cockpit display, and ingtalation (average
of $5 000). The breakdown of cost between UAT avionics, GPS navigator, and the multifunction cockpit
display is not publicly available. Installed equipment cost for large air transport aircraft will be higher.
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2.2.31.2 VDL Mode 4 cost

VDL Mode 4 is designed to be applicable to al classes of users (including for example
ground vehicles). For low-end users it should be possible to provide low-cost installations based around a
simple architecture of a single box containing VHF data link and GPS receiver equipment.

2.2.313 1 090 ES cost

Inthe FAA Safe FHight 21 Pre-Investment Analysis (July, 2002), costs of installing 1 090 ES
ADS-B equipment on anumber of different categories of aircraft were calculated. In developing the avionics
costs, the team worked with avionics manufacturers to come up with estimates for equipage costs. From the
perspective of the unit point estimates of equipment cogt, it was concluded that for air transport category
aircraft, 1 090 ES offered attractive cost profiles over a range of aircraft types. The costs for low- and
mid-end genera aviation equipage were estimated to be in the moderately high range.

3. RTCA ADS-B MASPS (DO-242A) COMPLIANCE

This section discusses ADS-B data link system performance as compared to the subset of
requirements of RTCA DO-242A [Ref. 3] analogous to the earlier RTCA DO-242 requirements expressly
considered by the TLAT [Ref. 4]. Section 3.1 is a summary of the requirements and references to the
sections of RTCA DO-282 [Ref. 7], VDL SARPS in Annex 10, Volume I11 [Ref. 13] and the Manua on
Detailed Technical Specificationsfor the VDL Mode4 Digita Link [Ref. 11], and RTCA DO-260A [Ref. 8],
which discuss the results of analysis of the system performance and compliance with the criteria set forth in
RTCA DO-242A. Section 3.2 - 3.4 present summary discussions of compliance of the UAT, VDL Mode4,
and 1 090 ES systems with the requirements of RTCA DO-242A selected for assessment.

When assessing the needs of Free Flight Operational Enhancements as articulated by the
RTCA Free Flight Select Committee and developed by the Safe Flight 21 Programme in the United States,
the TLAT concluded that a DO-242 compliant ADS-B System would support those Operationa
Enhancements.

The VDL Mode 4 system configuration used in making this assessment is that used by the
TLAT for the Core Europe 2015 scenario. The UAT and 1 090 MHz Extended Squitter configurations have
been updated to be specifically aligned to the requirements of DO-242A (i.e. intermsof ADS-B information
fields broadcast), and therefore are including the broadcast of asmall number of data fields not broadcast in
the VDL Mode 4 configuration. The total payload impact on UAT, for example, of these additiond fieldsis
the addition of 6 percent to the payload used in the TLAT analysis.
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31 DO-242A ADS-B requirements and references
Table B-1: ADS-B MASPS compliance matrix
DO-242A ADS-B MASPS Requirements Compliance
RTCA
DO-242A (RTCLi\AI-ID—O-ZSZ 1090 ES(RTCA
[Ref. 3] Requirement Text VDL Mode4 DO-260A [Ref. 8]
[Ref. 7] .
Ref. # Section #) Section #)
(Section #)
The ADS-B system shall be capable of
R2.3 transmitting messages containing the . . .
(82.1.2) |information specified in the following NIA (seefollowing) | N/A (seefollowing) | N/A (seefollowing)
subsections [of §2.1.2].
Compliant
(seeNote 1)
Cdl sign:
Table 3-2
Table3-9
Table 3-8a
Table3-11
Participant address
and Address Complies
Qudlifier: §2.2826
o . Complies §1.32
e s v Taiezze | rmens | gasin
foIIove\Ei/n ele)llﬂents §22454.2 81322 §2251.1
R2.5 1 CaIIgS' n(§2.1.2.2.1) §2245.1 81422 §2251.13
(82122 | 2 SonsaLas §2245131 Table 1-55
2. Participant Address (82.1.2.2.2.1) and §224512 ADS-B Emitter §22823
Address Qudlifier (82.1.2.222 | T Category: T
3. ADS-B Emitter Cat 2.1.2.2.3 '
mitter Category (8 ) §22454.1 83.3 §223.252
Table 3-15
‘small’ aircraft and §2.28.27

‘large’ arcraft are
grouped together as
‘medium aircraft’ in

VDL4

Not covered are:
‘High vortex large

‘Cluster obstacle’

‘Line obstacl€’
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DO-242A ADS-B MASPS Requirements Compliance
RTCA
UAT
DO-242A . (RTCA DO-282 1090 ES(RTCA
[Ref. 3] Requirement Text VDL Mode4 DO-260A [Ref. 8]
[Ref. 7] :
Ref. # Section #) Section #)
(Section #)
Complies
§22.323
. §2.2.3234.3
Complies
Position Information shall be transmitted in §2.245.2 §223237
R2.14 aform that cgn bet.ransl ated., without Igss of Table2-11 Compliant
(§212.4) accuracy and integrity, to latitude, longitude, §2.24521 81522 §223238
geometric height and barometric pressure §2.24522 833
altitude. §22324
§224523 §223247
§2.2.324.8
The Altitude Subfield
Compliant only allowsfor a
. . Complies 81522 single altitude to be
Ro1g |BOWh baometric pressure dtitude and | o)) 0, Table1- 68 reported as indicated
geometric heightshall bereported, if available ;
(82.1.2.6) to the transmitting ADS-B subsystem. 533 by the Airborne
Table 2-13 Table 3-12 Position Message
Table3-21 “Type’ code.
§2.2.324.3
compliant (note 1)
Table 2-2 defines the navigation integrity VDL4 TM does not Complies
R2.30 categories [NIC] that transmitting ADS-B Complies support the NIC §22.32.7.26
(82.1.2.12) | participants shall use to describe the Table 2-15 parameter(s). It
integrity containment radius. defines NUCP, Table2.2.3.2.7.2.6
Table 1-67
Table 2-3 defines the navigation accuracy . compliant (note 1) .
categories that shall be used to describe the Complies VDL4TM does ot Complies
R2.31 . . o §2.2454.9 support the NAC §22.32.7.27
accuracy of positiona informationin ADS-B
(821213 messages from transmitting ADS-B parr_;\meter(s).
participants. Table 2-45 It defines NUCP, Table2.2.3.2.7.2.7
Table 1-67
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DO-242A ADS-B MASPS Requirements Compliance
RTCA
UAT
DO-242A . (RTCA DO-282 1090 ES(RTCA
[Ref. 3] Requirement Text VDL Mode4 DO-260A [Ref. 8]
[Ref. 7] .
Ref. # Section #) Section #)
(Section #)
Responsihility for
NAC; adjustment lies
The NAC; value broadcast from an ADS-B compliant (note 1) outside the
- . . . . 1090 MHz ES
R2.32 participant shall include any inaccuracies in Complies VDL4 TM does not Lioment
(82 1'2 13) the reported position due to the transmitting §2.24549 support the NAC Come?ia:ce mu.st be
T participant's not correcting the position from parameter(s). P as part of
the navigation sensor to that of the ADS-B Table 2-45 It defines NUCP, install atti)m
position reference point (see §2.1.2.5). Table 1-67 e
certification.
§22327.27
Table2.2.3.2.7.2.7
- . compliant (note 1) Complies
[In determining NAC,, the] velocity accura_cy VDLA4 TM does not Table 2-20
category of the least accurate velocity .
R2.33 component being supplied by the reportin Complies support the NAC
(82.1.2.14) | O™ 9 supplied Dy The Teporting | &5 5 45.4.10 parameter(s). It Table2-21
A/N's source of velocity data shall be as .
indicated in Table 2-4 defines AUCP,
' Table 1-67 Table 2-22
. Complies
. compliant (note 1)
R2.34 | The Surveillance Integrity Limit encoding §(2102n;pI5| 256 VDL4 TM does not 8223271313
(82.1.2.15) | shall beasindicated in Table 2-5 Teble 2-44 sup;zr);tn:;erIL Tahle2232713.13
P §2.2.32.7.29
. . . compliant (note 1)
The Barometric Altitude Quality Code VDL4 TM does not
R2.35 (BAQ), isa2-bit field whichshall bezerofor Complies support the BAQ Complies
(82.1.2.16) |equipment that conforms to version| §22.4.548 pparam e §22327.2.8
DO-242A of the ADS-B MASPS P '
For equipage classes A2 and A3, the ADS-B Complies compliant (note 1)
system shall provide the capability to P VDL4 TM defines Complies
R2.37 . . . 8§2.245.6 )
(§21.2.19.1) transmit and receive messages in support of Single-dot TCP and Table 2-3
T the TS report. [TS report capability is §22457 two-slot TCPin §3.3, Table 2-5
optional for equipage class A1.] A Tables 3-8a, 3-9
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DO-242A ADS-B MASPS Requirements Compliance
RTCA
DO-242A (RTCliAI-ID—O-ZSZ 1090 ES(RTCA
[Ref. 3] Requirement Text [Ref. 7] VDL Mode4 DO-260A [Ref. 8]
Ref. # Secti(.)n # Section #)
(Section #)
compliant
VDL4 TM defines
Single-dot TCP and Complies
For equipage class A2, the ADS-B system Complies two-slot TCPin §3.3, Table 2-3
R2.38 shall provide the capability to transmit and §2.24.5.8 Tables 3-8a, 3-9
(82.1.2.19.2)| receive messages in support of one TC It was assumed in the Table 2-5
(TC+0) report. Appendix L assessment that TC
information was sent §2.23271
on a separate
channel(s).
compliant
VDL4 TM defines Complies
Single-dot TCP and Table 2-3
For equipage class A3, the ADS-B system Complies two-slot TCPin 83.3,
R2.39 shall provide the capability to transmit and §22458 Tables 3-8a, 3-9 Table 2-5
(82.1.2.19.2)| receive messages in support of multiple TC Appendix L It was assumed in the
reports. assessment that TC §223277
information was sent e
Appendix O
on aseparate
channel(s).
ADSB equipage classes summarized in
Table 3-1 shall provide air-to-air coverage .
e Complies
specified in Table 3-2(a). The stated ranges §2.111
arethebasisfor theindicated rel ative effective Appén;jix E
radiated power (ERP) and the receiver
sensitivity requirement for each transmit unit.
Complies
Table3-2 (a) 5112
s Apiendix F Compl.i&e
R31 Class Range TXERP RXsensitivity Appendix E
(833.) A0 I0NM $-25dB +35dB compliant (note 2)
Al 20NM 0dB 0dB Complies Table E-1
A2 40NM +3dB -3dB §2113 Appendix P
A3 90ONM #+6dB -7dB Appén;jix E
A3+ 120NM #+6dB -9.5dB
Note — Required rang'e requwements for A3 Complies
and A3+ areforward direction coverage. Port §3112
and starboard coverage may be one half of App.en. di.x E
this value; aft coverage may be one third of
this value.




AN-Conf/11-1P/12

A-45 Appendix
DO-242A ADS-B MASPS Requirements Compliance
RTCA
UAT
DO-242A . (RTCA DO-282 1090 ES(RTCA
[Ref. 3] Requirement Text VDL Mode4 DO-260A [Ref. 8]
[Ref. 7] :
Ref. # Section #) Section #)
(Section #)
Complies
For performancein
high-density airspace,
The effective radiated power (ERP) and see Appendix P.
minimum signal detection capabilities shall ) Future possible
support the associated pair-wise minimum Complies improvements for
operational ranges listed in Table 3-2(b). §2.1.12 extgnded fa”;qe
reception techniques
R3.2 Table 3-2(b), Inter oper ability Ranges Table 2-2 ) ae d|scu$ed n
(833.1) compliant (note 2) Appendix M.
h RX AO RX A1RX A2 RX A3 RX A3+ §2.113 §22211
- §224.1
TX AO: 10 NM 15NM 21 NM 34 NM 45 NM A dix F
TX AL 13 NM 20 NM 28 NM 45 NM 60 NM ppendix §2.2.4.2
TX A2: 18 NM 28 NM 40 NM 64 NM 85 NM §2.24.3
TX A3: 26 NM 40 NM 56 NM 90 NM 120 NM Appendix E
Appendix |
Appendix P
Ina
surface-to-surface
multi-path
environment, .
coverage range for This was not This was not
R34 Ground vehicles operating on_ the airport ground vehide evaluated for this evaluated for this
surface (class B2) shall provide a 5 NM . report.
(8331 . transmissionsis report.
coverage range for Class A receivers. ) §2.22.2.10.2
approximately Seeds02.2.21.2 )
. Appendix E
3miles.
§2.1.11

Table2-1
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DO-242A ADS-B MASPS Requirements Compliance
RTCA
UAT

DO-242A . (RTCA DO-282 1090 ES(RTCA

[Ref. 3] Requirement Text VDL Mode4 DO-260A [Ref. 8]

[Ref. 7] :

Ref. # Section #) Section #)

(Section #)
Complies.

For performancein
high-density airspace,
see Section 2.2.1.3.1

of this report.
Future possible
Each equipage class shall meet the required . Improvements for
. . . - Complies. extended range
information broadcast andreceiving capability ) ;
R3.7 a the indicated range to support the 21in Compliant (note 1, 2) receptlgn technlgues
(83.3.2 - o - are discussed in
applications indicated in Table 3-3(8) and )
Table 3-3(b). Table2-1 Appendix M
82221
§2.222
§2.23
§2.24.2
§2.243
Appendix E
Appendix P
. report acquisition shall be considered Complies
R3.8 accomplished when all report elements §2.29 Compliant. Complies
(83.3.3.1) | requiredfor an operational scenario have been §2.2.10.3
received by an ADS-B participant. §229.1
Compliant for al SV Complies at ranges
update applications under 40-50 NM
Report accuracy, update period and at required and Compliant under loaded
acquisition range requirements are derived | desired ranges with | for applications with conditions.
R3.9 from the sample scenarios of Chapter 2, and | one exception: the | desired ranges>10nm | For performancein
(§33.1.1) are specified in Table3-3(a). The state vector surface-to-surface 1.5 and < 70nm under | high-density airspace,
report shall meet the update period and 99 [second (95%) update| |oaded conditions. | see Section 2.2.1.3.1
percentile update period requirements for requirement. See Section 2.2.1.2.1 of thisreport.
each application listed. §22822 of thisreport. Appendix E
Table E-1
§2.2.8.2.4(9) Appendix P
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DO-242A ADS-B MASPS Requirements

Compliance

RTCA
DO-242A
[Ref. 3]
Ref. #
(Section #)

Requirement Text

UAT
(RTCA DO-282
[Ref. 7]
Section #)

VDL Mode4

1090 ES(RTCA
DO-260A [Ref. 8]
Section #)

R3.10
(83.3.1.1)

For each of the scenarios included in
Table 3-4(a), the state vector from at |least
95% of the observable user population (radio
line-of-sight) supporting that application
shall be acquired and achieve the time and
probability requirements specified for the
operational ranges.

Compliesat al
required and desired
ranges, with
exception noted in
R3.9.
§2.2.10.3

Table 2-67

Compliant
for applications with
desired ranges >10nm
and < 70nm under
loaded conditions.
See Section 2.2.1.2.1
of thisreport.

Complies at ranges
under 40 - 50 NM
under loaded
conditions.

For performancein
high-density airspace,
see Appendix P.
Future possible
improvements for
extended range
reception techniques
arediscussed in
Appendix M.
Appendix E
Appendix L
Appendix P

R3.11
(83.3.3.1.1)

Required ranges for acquisition shall be as
specified in Table 3-4(a): (10 NM for AOQ,
20 NM for A1, 40 NM for A2, and 90 NM
for A3).

Complies
§2.2.10.3

Table 2-67

This was not
evauated for this
report.

Thiswas not
evaluated for this
report. For
performancein
high-density airspace,

see Appendix P.
Future possible
improvements for
extended range
reception techniques
are discussed in
Appendix M.
Appendix E
Appendix L
Appendix P
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DO-242A ADS-B MASPS Requirements Compliance
RTCA
UAT
DO-242A . (RTCA DO-282 1090 ES(RTCA
[Ref. 3] Requirement Text [Ref. 7] VDL Mode4 DO-260A [Ref. 8]
Ref. # Secti(.)n # Section #)
(Section #)
For each of the equipage classes included in
Table 3-4(a), theMode statusreportsfrom at
least 95% of the observable (radio
line-of -sight) population shall be acquired at
the range specified in the “Required 95th
Percentile Acquisition Range” row of Complies
R3.14A | Table 3-4(b). (LONM for AO, 20 NM for A1, §22103 Thiswas not Thiswas not
R3.14B |40 NM for A2, and 90 NM for A3). B evauated for this evauated for this
(83.3.3.1.2) | Likewise, for each of the equipage classes Table 2-67 report. report.
included in Table 3-4(b), the Mode status
reports from at least 99% of the observable
(radio line of sight) population shall be
acquired at the reduced range specified in the
“Required 99th Percentile Acquisition Range”
row of Table 3-4(b)
When there has been no change in intent
information, the nominal update period for Compliesto ranges
A2 equipage at ranges within 40 NM and for shown in Appendix C
A3 equipageat rangesin theforward direction Complies of this report,
R3.21 within 90 NM shall be T, such that Ty §3216 Thiswas not Table2-3
(§333.14) =max[12s, 0.45 s’NM * R] where R is the evaluated in the
range to the broadcasting aircraft and T is Appendix K assessment. Appendix E
rounded to the nearest whole number of
seconds. If implemented, these requirements .
are applicable to TS Report update rates for Appendix P
A1l eguipment for ranges of 20 NM or less.
If the TS report is implemented in ADS-B Complies Note 1 and Note 2 Not evaluated
R3.22 systems of equipage class A1, such systems §3216 TS reports not Table 2-3
(83.3.3.1.4 | shall have a20NM acquisition range for TS Appénai.x K specified in Appendix E
Report. VDL4TM Appendix P
Note 1 and Note 2
TSreports not
. o Complies specifiedin VDL4 | Complies to ranges of
R3.23 For equipage class A2, the acquisition range §3216 ™ . 30- 40 NM for TSR.
(§333.14) for TS reports and TC reports shall be It was assumed in the Table 2-3
40 NM, with 50 NM desired. Appendix K assessment that TC Appendix E
information was sent Appendix P
on a separate
channel(s).
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DO-242A ADS-B MASPS Requirements Compliance
RTCA
UAT
DO-242A . (RTCA DO-282 1090 ES(RTCA
[Ref. 3] Requirement Text VDL Mode4 DO-260A [Ref. 8]
[Ref. 7] :
Ref. # Section #) Section #)
(Section #)
Note 1 and Note 2
For equipage dass A3, the acquisition rande Complies It was assumed in the Not evaluated
R3.24 equipage ciass As, the acquisition rang §32.16 assessment that TC Teble2-3
(§333.14) for TC reportsin the forward direction shall nformation was sent Aopendix E
3329 | 1he 90 NM, with 120 NM desired. . ppencl
Appendix K on aseparate Appendix P
channel(s).
Requirements specified for en route, .
R3.32 Low-density air space shall be met in the Complies The system W as.not Compl!es
. i ) . evaluated in this Appendix E
(83.3.4) |[traffic density shown by the Low-density Appendix K . .
L environment. Appendix P
curvein Figure 3-8.
Radio frequencies used for ADS-B Message .
o . . Compliant. .
R3.34 |transmission shall operate in an Complies SARPS6.14 Complies
(83.35) |[internationally allocated aeronautical radio §2221 S §22221
- SARPS6.9.2.1
navigation band(s).
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DO-242A ADS-B MASPS Requirements Compliance
RTCA
DO-242A (RTCL;\AI-ID-O-ZSZ 1090 ES(RTCA
[Ref. 3] Requirement Text [Ref. 7] VDL Mode4 DO-260A [Ref. 8]
Ref. # Secti(.)n # Section #)
(Section #)
1 090 MHz link
established to be 107
without
acknowledgement,
based on message
length and error
correction.
(ref. DO-181; 24
parity check bits used
for error detection,
Complies supports undetected
§223131 !g;?;ﬁ;?;ﬁge;f error rate owing to
R3.39 Theintegrity of the ADS-B system shall be reference it ed’ datalink (per ADS-B
(83.3.6.5) [ 10-6 or better on a per report basis. Appendix C Further an alysj;s, message) of better
H 7
. required, than 1in 107).
Appendix M
Thisintegrity
requirement is not
likely to be met with
single-string equipage.
Avionicsintegrity is
treated at the aircraft
level in certification
activities.
§1.2.3
8219
compliant (note 1).
The NIC field in the SV report is a4-bit field Complies VDL4TM doesnot Complies
R3.88 N . §224524 support the NIC
(§34.3.18) that shall report t_he Na\ngatlgn Integrity parameter(s). It §2.2.8.1.16
Category described in Table 2-2in §2.1.2.12. Table 2-15 defines NUCP, Table2.2.8.1.16
Table 1-67
R3.92 The ADS-B Version Number shall bedefined Complies compliant (note 1) g;r;gll;z
(83.4.4.3) |asspecifiedin Table 3-9. Table 2-43 Table 2232725
At least four bits (sixteen possible encodings) §C202m g Izlelso
R3.104 | shall bereservedinthe capability class codes Complies compliant (note 1) §2232723
(83.4.4.9.3) | for the “Service Level” of the transmitting Table 2-39
ADS-B participant.
§2.232723.1
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DO-242A ADS-B MASPS Requirements Compliance
RTCA
UAT
DO-242A . (RTCA DO-282 1090 ES(RTCA
[Ref. 3] Requirement Text VDL Mode4 DO-260A [Ref. 8]
[Ref. 7] :
Ref. # Section #) Section #)
(Section #)
The CC code for “TCAS/ACAS Resolution
Advisory Active” shall be set to ONE if the
transmitting aircraft hasa TCASII or ACAS
computer that is currently issuing a Complies
R3.110A Resolution Advisory (RA). Likewise, this §2.2.8.2.11
' CC code shall be set to ONE if the . §2.23.27.24
R3.110B " ) Complies .
R3.110C transmitting ADS-B equipment cannot Table 2-49 compliant (note 1)
(§34'410 ) ascertain whether the TCAS Il or ACAS §2.23.2.7.24.2
" computer is currently issuing an RA. This
CC code shall be ZERO only if it is §223.27.13.14
explicitly known that a TCAS Il or ACAS
computer isnot currently issuing aResolution
Advisory (RA).
R3111A Initially, the IDENT Switch Active’ OM Complies
R3. 1118 code shall be ZERO. Upon activation of the Complies §2.28211
' IDENT switch, thisflag shall be set to ONE P Compliant (notel) §22327.24
R3.111C . . §2.24.54.13.2
(§34.4.102) for aperiod of 20 +/-3 seconds: thereafter, it
© ) shall be set to ZERO. §2.2327.243
The “Receiving ATC Services” flag is a Complies
R3.112 one-bit OM code. When set to ONE, this Complies §2.2.8.2.11
(83 4'4 103) code shall indicate that the transmitting §2.2 45p 4133 Compliant (notel) §22327.24
T ADS-B participantisreceiving ATC services; | T '
otherwise this flag should be set to ZERO. 822327244
Complies
R3.113 The NAG; field in the MS report is a 4-bit Complies Compliant (notel) Tab|§ez.22.28£32.21§ 27
§34’4 11 field that shall be encoded as described in §2.245.4.9 VDL4 TM defines §22 3'2'7'1'3'1i
(834.4.11) Table2-3in §2.1.2.13. Table 2-45 NUCP, Table1-67 | ~ 77
8§2.2.3.2.7.2.7
Complies
§2.2.82.13
Table 2-20
R3.114 The NAC, field in the MS report is a 3-bit Complies Compliant (notel) Table2-21
(§34'412) field that shall be encoded as described in §2.245.4.10 VDL4 TM defines
o Table2-4in §2.1.2.14. Table 2-46 NUCP, Table 1-67 Table 2-22
§2.2.3.26.1.5
.§2.2.3.2.6.41.5
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DO-242A ADS-B MASPS Requirements Compliance
RTCA
UAT
DO-242A . (RTCA DO-282 1090 ES(RTCA
[Ref. 3] Requirement Text VDL Mode4 DO-260A [Ref. 8]
[Ref. 7] :
Ref. # Section #) Section #)
(Section #)
Complies
R3.115 The SIL fieldinthe MSreport is a2-.bit fie!d Complies . §2.282.14
(§34.4.13) that shall be encoded as described in §2.245.4.6 Compliant (notel) Table2.2.3.2.7.2.9
Table2-5in §2.1.2.15. Table 2-44 §223.27.1313
§2.232.7.29
An airborne ADS-B participant of equipage
class A2 or A3 shall transmit messages to
support the TS report when either of the
following conditions are met.
a  Theflight director or autopilot isengaged
R3.130 inavertical Mode and _atarget atitude or Complies _ Complies
(83.4.7.1) an acceptable substitte for target §22456 Compliant (notet) §223314.1
altitude (83.4.7.11) is available from the
automation system; or
b. Theflight director or autopilot isengaged
in a horizontal Modeand atarget heading
or target track (83.4.7.6) isavailablefrom
the automation system.
The higher “state change” update interval
requirements specified for TS Report .
information in §3.3.3.1.4 and Table 3-4 (d) Higher rates for when
shall bemet whenever thereisachangein the a state.c.hange oceurs
. . to specified TS report
vaueof any of thefollowing TSreport fields: . .
R3.131 Horizontal Data Available and Horizontal Complies Compliant (notel) elementsis only
(83.4.7.2) Source Ind. §3.4.7.4 Appendix K listed as desired in
Target Heading or Track Angle §83.4.7.5 D;Jndz?rl'%aﬁl 5?3:2(3;; 4
Target Heading /Track Indicator §3.4.7.6 §223314.1 ’
Vertical Data available (8347200 | | | TT//UUw
Target Altitude (§3.4.7.11).
Target heading or track angle shall be Complies Complies
R3.135 r(.aport_ed over the full range of all possible §2245615 . Tabhle2.2.8.3.1
(83475 directions, 0 to amost 360, expressed as an Compliant (notel) §2283.15
angle measured clockwise from a reference Table 2-55
direction. §223.27.1.38
R3.136 Target heading or track angle shall be §ZC;T2“6$15 Complies
(§34.75) communicated and reported with aresolution Compliant (notel) Table2.2.8.3.1
at least as fine as one degree of arc. Tahle2.2.3.27.1.3.8

Table 2-55
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DO-242A ADS-B MASPS Requirements Compliance
RTCA
UAT
DO-242A . (RTCA DO-282 1090 ES(RTCA
[Ref. 3] Requirement Text VDL Mode4 DO-260A [Ref. 8]
[Ref. 7] :
Ref. # Section #) Section #)
(Section #)
Target dtitude shall be represented as the . Complies
(§§il74fl) operational altitude recognized by the §2C20 Tg“fz 5 Compliant (notel) §2.2.8.3.1.12
T transmitting aircraft'sguidancesystem. | T T §2.2.3.2.7.1.36
Compliant
VDL4 TM defines
target atitudein
two-slot TCP and Complies
single-dlot TCP. The P
If a substitute value is provided, that value target atitude 82283114
Ra.144 shall be consistent Withpthe airc’raft's target Complies comglieﬁwith the 822327134
634711 | ¥ stent with th 9 Table 2-60 P n
altitude capability aslisted in Table 3-22. requirement specified
here §2.2.83.1.11
833 §2.2.32.7.1.36
Tables 1-66, 1-68,
3-8a, 3-8b, 3-11
. . . . . Complies
R3.145 | Target Altitudefield shall be provided with Complies .
Compliant (notel) Table2.2.83.1
(83.4.7.11) | arange from -1 000 ft to +100,000 feet Table 2-61 Teble22327136
Target Altitude field shall be communicated . Complies
(§§i:;4fl) and reported with a resolution of 100 feet or fa%r;;plzl_?l Compliant (notel) Table2.2.83.1
o finer. Table2.2.3.2.7.1.3.6
. . Complies
R3.147 | The Target Altitude Type shall be encoded Complies .
L Compliant (notel) §2.2.8.3.1.13
(83.4.7.12) | as specified in Table 3-21. Table 2-57 Table22327132
. I . Complies
R3.148 | The Target Altitude capahility field shall be Complies .
L Compliant (notel) §22831.14
(83.4.7.13) | encoded as specified in Table 3-22. Table 2-60 Table 22327134
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DO-242A ADS-B MASPS Requirements Compliance
RTCA
UAT
DO-242A . (RTCA DO-282 1090 ES(RTCA
[Ref. 3] Requirement Text VDL Mode4 DO-260A [Ref. 8]
[Ref. 7] :
Ref. # Section #) Section #)
(Section #)
This MOPS has
reserved a message
type for support of
broadcasting data for
supporting TC+0 and
TC+1 reports. This
message, its
scheduling, and how
the data might be sent
Given that the above conditions are satisfied, Wlthl.n th@e mmg
and any TC+0 report previously generated is 's defined in
y ep P y9 Compliant Appendix O. There
not currently valid, an A2 level system shall .
S It was assumed in the | are not, however, any
initiate broadcast of a TC+0 report when the . . o
R3.151 . . . . Complies assessment that TC | requirementsin this
arcraft is within 4 minutes TTG to the . . .
(83.4.8.1) ) . . Appendix K information was sent MOPS for the
trajectory change described in that TC+0 .
. on a separate transmission or
report, or as otherwise needed to meet the .

. . channel(s). reception of these
acquisition range requirements for A2 m es or support
equipage as specified in Table 3-4(e). of thegT C reports.

Thiswas done at the
direction of the
SC-186 plenary.
Table 2-3
Table2-11
Appendix E
Appendix P
Appendix O
The UAT System
Similarly, [i.e. given that the prerequisite asb;en (lfg]rlled 0
conditions listed in R3.151 are met] an A3 relloi?nin Compliant See entry for
level system shall initiate broadcast of a b . ay P ; R3.151
TC+0 report when the aircraft is within 8| 'coUrementsof jltwasassumedin the
R3.152 ) i DO-242A concerning| assessment that TC
minutes TTG to the traectory change . . Table 2-3
(834.8.1) . . ) the TC+0 Report, | information was sent i
described in that report, or as otherwise including meeting al on a.senarate Appendix E
needed to meet the acquisition range uang 9 P Appendix P
) ) e report update rate channel(s). )
requirements for A3 equipage as specified in i Appendix O
requirements at all
Table 3-4(¢e). e
ranges specified as
“desired.
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Note.— MG = Message Generation; ME = Message Exchange; ME(T) = Message
Exchange (transmit); ME(R) = Message Exchange (receive); RG = Report Generation

The following notes accompany the table entries for VDL Mode 4
Notes.—

1 VDL Mode 4 was devel oped to meet the information requirements of an earlier version of
the ADS-B MASPS. Hence, in many cases, particular information fields are not available
in the current VDL Mode 4 message set. One example is that NIC, NAC, and SIL have
replaced NUCp.

VDL Mode 4 experts see no fundamental difficulties in supplying the required information
but have not done so yet. Currently, EUROCAE WG-51 SG2 are developing MOPS for
VDL Mode 4. It will be the task of that group to propose amendments to the message set.

Note that Mode 4 possesses a flexible message addressing structure to which the addition
of new message types is straightforward.

Where compliance is smply a matter of changing the message set, this is marked as
“compliant (note 1)” in the table. Thisis based upon the assumption that the newly defined
message set has enough unused capacity to accommodate the additional information required
by RTCA DO-242A [Ref. 3.

2. VDL Mode 4 was developed before the requirement for specific classes of transmitter.
Simulation work with VDL Mode 4 hasintroduced such classes, but this division has not yet
been introduced in MOPS or indeed in the ICAO standards material. WG-51 SG2 will
address this issue.

Within the current standards material, a variation in alowed transmit power is provided for
and hence it is expected that the different classes could be accommodated. Link budget
calculations performed in support of the development of VDL Mode 4 indicate that the
system can support ranges in excess of the A3+ requirement. Meeting the requirements of
Table 3-2a) and Table 3-2b) is then an issue of specifying appropriate transmit ERP and
receive sengitivity levels for the other classes.

3.2 UAT system performance and compliance

This section provides discussion of some of the aspects of the UAT system performance and
design compliance with the corresponding RTCA DO-242A [Ref. 3] criteria specified in Section 3.1. The
table in Section 3.1 contains references to sections of RTCA DO-282 [Ref. 7], where discussions and
andysis of compliance with the RTCA DO-242A requirements appear. However, Appendix A of thisreport
contains much of the relevant system performance analysiswhich appearsin much moredetail in Appendix K
of DO-282.
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In brief, UAT system performance may be summarized as follows:

C

C

AllRTCA ADS-B MASPS air-air update rate requirements and desired criteriaare met
for al aircraft equipage transmit-receive pairs for both state vector and intent update
rates for all aircraft equipage types and at al ranges specified by RTCA DO-242A.
(The graphsin Appendix A show that TCR+1, which is not required to be broadcast in
DO-242A, can be supported at around one-haf the received update rate of TCR+0.)

All known air-ground update rate requirements are met out to at least 150 NM, in the
absence of a co-located TACAN emitter. Under some circumstances, a sectorized
antenna may be required. In the presence of a co-located TACAN emitter, additional
antenna isolation may be required.

UAT is compliant for al SV update applications at required and desired ranges with one
exception: the surface-to-surface 1.5 second (95%) update requirement is met for A3
transmitters for 2to 3 NM (not 5NM) in amulti-path environment, and A0, A1 and A2
tranamissions are received at 2 to 3 NM at 2 to 3 seconds (95%) in the same
environment. Additiondly, the UAT System has been designed to support line-of-sight
arr-ground performance in future high-density terminal air spaces at update rates
specified by ATC authorities.

In the high-density scenario, track acquisition (defined as receipt of al state vector,
intent, and Mode status information broadcast by an ADS-B participant) is achieved for
each class of aircraft equipage at ranges beyond what is necessary to perform flight
applications currently envisioned for them.

For additional information about the entriesin thetable in Section 3.1, please seethe sections
of RTCA DO-282 [Ref. 7] cited in the table.

3.3 VDL Mode 4 system performance and compliance

This section provides discussion of some of the aspects of the VDL Mode 4 system
performance and design compliance with the corresponding RTCA DO-242A [Ref. 3] criteria specified in
Section 3.1. The table in Section 3.1 contains references to sections of the VDL SARPS [Ref. 13] and the
Manual on Detailed Technical Specificationsfor the VDL Mode 4 Digital Link [Ref. 11], where discussions
and andysis of compliance with the RTCA DO-242A requirements appear. However, Section 2.2.1.2 and
Appendix B of this report contain much of the relevant system performance analysis for the high-density air
traffic environment. Time congtraints did not permit analysis of the low-density scenario for this report.

In brief, VDL Mode 4 system performance may be summarized as follows:

C

For the system evaluated, RTCA DO-242A air-air requirements are met for al types
of aircraft equipage transmit-receive pairsin the high-density air traffic environment for
state vector update rates to ranges of 70 NM. Intent information was not transmitted,
S0 no evaluation of intent update rates was possible.
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C A number of the requirementsin thetable in section 3.1 haveto do with the transmission
of data elements which are not currently part of the VDL Mode 4 message set. These
requirementsarelisted as“ compliant” under the assumption that it ispossibleto redefine
the message set to include all of these data elements, while leaving transmission of other
required data unchanged.

For additional information about the entriesin thetablein Section 3.1, please see the sections
of VDL SARPs[Ref. 13] and the Manual on Detailed Technical Specificationsfor the VDL Mode 4 Digital
Link [Ref. 11] cited in the table.

34 1 090 ES system performance and compliance

This section provides discussion of some of the aspects of the 1 090 ES system performance
and design compliance with the corresponding RTCA DO-242A criteria specified in Section 3.1. The table
in Section 3.1 contains references to sections of RTCA DO-260A [Ref. 8] , where discussions and analysis
of compliance with the RTCA DO-242A [Ref. 3] requirements appear. However, Appendix C of thisreport
contains much of the relevant system performance analysis. Appendix P of RTCA DO-260A [Ref. 8]
contains information on the low-density scenario, but the high-density analysis in that reference does not
include the 2015 Core Europe scenario, which is the scenario of interest in this report.

In brief, 1 090 ES system performance may be summarized as follows:

C RTCA DO-242A [Ref. 3] air-air requirements are met for high-end air transport class
(DO-242A equipage class A3) aircraft equipage transmit-receive pairs in the
high-dengity air traffic environment for both state vector and TSR update ratesto ranges
of 40-50 NM, depending on the interference environment.

C RTCA DO-242A air-air requirements are met for DO-242A equipage classAl and A2
aircraft equipage transmitters to A3 receiversfor state vector update rates at ranges of
around 40 NM, and for TSR update rates at ranges of 30 - 40 NM, depending on the
interference environment. The required ranges, as specified in the table in Section 4.1,
for these categories are 20 NM for A1 and 40 NM for A2.

For additional information about the entriesin thetablein Section 3.1, please seethe sections
of RTCA DO-260A [Ref. 8] cited in the table.

4. EUROCONTROL TLAT CRITERIA ADDITIONAL TO
THOSE IN DO-242A

The additiond criteriafrom Eurocontrol stem from European A D Srequirementsdevel opment
that occurred subsequent to the adoption of the original ADS-B MASPS by RTCA (DO-242 [Ref. 14] ).
DO-242 could not be endorsed by EUROCAE because European ADS requirements were not sufficiently
mature.
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Since the European ADS-B requirements are not yet finalised, the Eurocontrol criteria
represent a snapshot of the ongoing discussions in Europein relation to ADS-B requirements. These criteria
am to assessthe margin that the datalinks are able to provide to alow for the fulfilment of potentia additional
or differing ADS-B requirements, since the ADS-B system as currently envisaged may differ from the
implemented system.

The Eurocontrol criteria cover two air-ground surveillance scenarios expected to be
implemented in Europe. The first scenario is the overlay of monopulse Secondary Surveillance Radar with
ADS-B, wherethelatter servesasgap filler and also suppliestragjectory intent information. Thisfirst scenario
is applicable to airspace of medium and low-density traffic. The second scenario is the overlay of Mode S
Enhanced Surveillance services with ADS-B, where ADS-B provides state vector and trgjectory intent
information as well as serves as agap filler for enhanced surveillance. This second scenario is applicable to
airspace of high-density traffic (e.g. Core Europe).

In addition, the Eurocontrol criteria extend the requirements for long-range deconfliction
gpplications. These extended requirements are applicableto al European freeflight airspaces (including Core
Europe).

These additional Eurocontrol criteria provide air-ground scenarios (not included in RTCA
DO-242A) for consideration. In addition, these criteria dictate an extended range requirement for the air-air
case and the provision of two additional (four intotal) Traectory Change Points (TCP) for both the air-ground
case and the air-air case. Detailed information on the criteriais provided in Appendix G of the TLAT report
[Ref. 4].

Section 4.1 contains a summary of the requirements and references to the sections of this
report which discuss the results of analysis of the system performance and compliance with the criteria set
forth by Eurocontrol. Section 4.2-4.4 present summary discussions of compliance of the UAT, VDL ModeA4,
and 1 090 ES systems with the additiona Eurocontrol requirements.

4.1 Additional Eurocontrol ADS-B requirements and

references
UAT VDL Mode 4 1090 Extended
Squitter
Air-Air Extension | Meets 120 - 125 NM Meets 70 NM for State | Meets 40 - 50 NM for
t0 150 NM See Section 4.2.1 Vector State Vector and TSR
° < See Section 4.3.1 See Section 4.4.1
Air-Ground to Complies Not evaluated Not evaluated
150 NM See Section 4.2.2 See Section 4.3.2 See Section 4.4.2
Transmission of Supports 2 TCPs Not evaluated Not evaluated
Four TCPs See Section 4.2.3 See Section 4.3.3 See Section 4.4.3
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4.2 UAT system performance and compliance

This section providesdiscussion of theUAT system performance and design compliancewith
the additional Eurocontrol criteria specified in section 4.1. Each of the criteria and UAT performance are
discussed in a separate sub-section.

421 Air-air extension to 150 NM

As previoudly discussed in Section 2.2.1.1.1.2, based on the analysis of the performance of
UAT in the high-density scenario, and as shown in Appendix A, the air-air extension to 150 NM is not
achieved. In the worst-case interference environment analyzed, maximum air-air range for high-atitude
arcraft isaround 125 NM.

422 Air-ground to 150 NM

As previoudly discussed in Section 2.2.1.1.1.2, based on the analysis of the performance of
UAT in the high-density scenario, and as shown in Appendix A, the air-ground update rate reguirement to
150 NM is achieved. In the worst-case interference environment anayzed, air-ground rangesfor all aircraft
categories are beyond 150 NM.

4.2.3 Transmission of our TCPs

RTCA DO-282 [Ref. 7] do not provide for the transmission of more than two TCPs.
However, there are more than 20 spare payload type codes that are unused in the current MOPS definition
of the system. These message types could be defined to provide increased intent information; however, the
UAT epoch, as defined in RTCA DO-282, would need to be revisedto accommodate transmission of these

message types.
4.3 VDL Mode 4 system performance and compliance

This section provides discussion of the VDL Mode 4 system performance and design
compliance with the additional Eurocontrol criteria specified in section 4.1. Each of the criteria and VDL
Mode 4 performance are discussed in a separate sub-section.

43.1 Air-air extension to 150 NM

As previoudly discussed in Section 2.2.1.2.1.2, based on the analysis of the performance of
VDL Mode 4 in the high-density scenario, and as shown in Appendix B, the air-air extension to 150 NM is
not achieved. In the worst-case interference environment analyzed, maximum air-air range for high-atitude
arcraft isaround 70 NM.

4.3.2 Air-ground to 150 NM

As previoudy discussed in Section 2.2.1.2.1.2, although air-ground performance was not
smulated, VDL Mode 4 experts are of the view that all known air-ground update rate criteriacan be met for
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al classes of aircraft out to at least 150 NM, by using a sectorized antenna. This should be verified by
appropriate smulations.

433 Transmission of four TCPs

As dtated in Section 2.2.1.2.1.3, no intent information is being broadcast in the system being
analyzed for this study. The VDL Mode 4 system experts proposed that intent information would be sent on
a separate channd, rather than placing the intent load on any of the four channels examined for this study.
This would necessitate another channel assignment (along with any required guard channels), aswell astwo
additional receivers on the aircraft.

4.4 1 090 ES system performance and compliance
This section provides discussion of the 1 090 ES system performance and design compliance

with the additional Eurocontrol criteriaspecified in Section 4.1. Each of the criteriaand 1 090 ES performance
are discussed in a separate sub-section.

441 Air-air extension to 150 NM

As previoudly discussed in Section 2.2.1.3.1.2, based on the analysis of the performance of
1 090 ES in the high-density scenario, and as shown in Appendix C, the air-air extension to 150 NM s not
achieved. In the worst-case interference environment analyzed, maximum air-air range for high-altitude
aircraft is around 40-50 NM, depending on the interference environment.

442 Air-ground to 150 NM

As previoudly discussed in Section 2.2.1.3.1.2, although air-ground performance was not
smulated, 1 090 ES experts are of the view that al known air-ground update rate criteria can be met for al
classes of aircraft out to at least 150 NM, by using a sectorized antenna. This should be verified by
appropriate smulations.

443 Transmission of four TCPs

As stated in Section 2.2.1.3.1.3, the only intent information broadcast in the system being
analyzed for this study is TSR. Andysis of transmission of TCRs has not yet been completed.
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ATTACHMENT A

UAT SYSTEM PERFORMANCE RESULTS

The figures in this Appendix illustrate the system performance of the UAT in both the
high-density and low-density scenarios. Figures A-1 through A-33 show performance in the heavy
interference high-density scenario. RTCA DO-242A specifies the maximum ranges for air-air update rates
required for AO to 10 NM, Al to 20 NM, A2 to 40 NM, and A3 to 90 NM (120 NM desired), while the
Eurocontrol criteria continue to 150 NM for A3. The RTCA ADS-B MASPS requirements for state vector,
TSR, and TCR+0 updates are shown as black dotted lines on the plots. The Eurocontrol extension to 150 NM
is applied to the state vector, and Eurocontrol TCR requirements are shown as black dashed lines. Although
results for TCR+1 transmissions are shown, there are currently no ADS-B MASPS requirements that have
been set for TCR+1 reception. Performance in compliance with requirementsis indicated by resultsthat are
below the dotted and dashed lines.

s Ay
e

W Iy U Fl T g i A O L R L O U kv
= T T T T T T 1
Flan-
[ [
LR .
E 2k ! |
E: 1'::! - - = [FIFLATE IR, BhJIJ!-‘J.FIJ.I'.-IJl N .
< ML T EUHA4T Wi !
Lot e
S 159 UT (AL

A 1 -l A Y [E L I B L b+ L b (R
= g T T T T T —- =T 1
Ern e —
2 T S
— xhf -l B JR—
o b ey - 7E
- SL FACrII L] e Tz oo
1| S W AL L EY e L. —
Fonn . , :
= ks (4

i) I oy 20 ) 20 i i i [ omyootin QEn I3 Ty ran
T R Tep=s h ; Pl - T —————
oo Tt = .
E [
o0 - - e —— -
- 7 ..
E 30 L RATmELER 1) B p L ¥3
o HE
F-_, Tk

Figure A-1. A3 receiver in high density at high altitude receiving A3
transmitters



AN-Conf/11-1P/12

Appendix

A-62

ke e

ol Hu Tu

I:'J'.p-.': s :n:s[:-:]']'
= =

e

ks

— I

Fnk

Figure A-2. A3 receiver in

transmitters

L

HIAIT B RCIo

== MM b OE I LSS

high

R (AT

I_ll.' -iIE' QSIL'
: — i
]
IngE

Tame) wmiT etubg’T
o
T

A
=
|

L
"
-

AITIL A ECIOL

PETE [Rdrswese g

PRI

Ml

amit] | steley. )

-

-

3

HAHLEE (]

3 H

f—— ._..___'HS

IOHA+0TET

Rl L T
: NI EaS LR BT R et A
—— YT¥

V] :

density at high altitude

el wrm'loutnbeg )

Lt L ]
L]

receiving A2

-

o —m———-— ¥TH

IAK

ATENR TRdrmen
- - - RREEnupon Padrana:

.o LE

Figure A-3. receiver in high density at high altitude receiving A1H

transmitters



AN-Conf/11-1P/12
A-63 Appendix

1] O Hl K] mw N b O O 11 I L b e O LI

— 0 . " : : : :
=1l
Fn—-
= - _ ;
oo - ————
S B IR T e (R ITL T
-'E'E[I— — LR LCE+] -
A s, T b
Lt L)
u

A s G 2! e L L L L e L

- .

: AApl psdneg T v
kil .- - pr::'n'.nn':.'-r';{nrlrrr_r::r\-'.n' o -- B

- dpli LOE+R LEE L . —

HEESIE T AT )
oo
=

= om

R
| mn an Eill LY 2 on Wl fn An nn I TN 1an 1+ 1an

= 0 1 1 1 1 !

=, —_——

4 —_— o
A= TTrT TR
LR B Vi
Z 50- Sy ans e s Qe pCrro

B e s

-

Figure A-4. A3receiver in high density at FL 150receiving A3 transmitters

e fal ETHES (L]
N 10 an B i UIJ 11 S n il
R . L S ' !
. i i
_______ | : i
' T3
J JU:
= P L
J_||_— — —_ - —_——_—,ee— f— - — - =TT,
-4 E
% 3
T =
E E}
T bl
L] -
ES A
£ A,
3l SR pRinL 50l NEH EE AW ¥
2.
- — Mok HElr
.r_.-:'_‘r':'L,"d '.{l"l =nOTeIrr - = = FUTOCSNLp ]{EI‘II'I!T.I'IJ.I'::Ir
LT FAATS
m -

Figure A-5. A3receiver in high density at FL 150receiving A2 transmitters



AN-Conf/11-1P/12

Appendix A-64
IERDERITY Lymnin (oA .
Kl 1 i N 10 b
i e gill .
- !
............. . A 1 O )
i
1
e il
I
oo, b
[~ =
= H =
& ]
= =
=2 |-
F ]
- =
a 3
o -
o~ a
o i
e IALE pRGEOT S TR
ety S
TR ednmeq
_F{‘JE'_;.'; H"'"J'IFI'J.IIII'I-'I' - = = EAMGaLNLe] B'ITIITIEIJ:-J.I.IIZ‘J.TB
FILL = —— WL
EL gl

Figure A-6. A3 receiver in high density at FL 150 receiving A1H

transmitters
-
:‘-.'Il r.x.

AL Bemarenzzz .

&l - ' Seaube Veclor

BT gl Tizzee fmec)

..__.-_..-.. ‘.I!J:I

R;:L!;:.! ]

Figure A-7. A3 receiver in high-density at FL 150 receiving A1L and
A0 transmitters



= =

[
-

=

TTELE By ree

] amrl stzlgl)
&

Crasuua) [gediese g ICHE+0M1oK

AN-Conf/11-1P/12
Appendix

T
mk
ML B
o & 4i 1z vy Al P 113
n T

3 SR g GepriL

l.'l:‘ﬁ::: amril’ ml:i:r[' 1
=
T

.
[

L]
P

— - W ERR L

—— i

[ A -

Figure A-8. A2 receiver in high Idensity at high altitude receiving A3

transmitters

IS I
".'] - 1 B I S ) BN v D 1] 1l

....... : ————— 'f,aTs

b

|:_'.h-e_==:| AameT = uF:-r[r 1
n

it EUR p R

« -« WYERE 3T lTEnar

T

ol

[EERYIPTT T3 o8 ol

ERLEN T
n ] I v 0 52 3 37 4
1] - r 1 1 -

i
.._-_-- - _.'ﬁ

B0 - ' LCh-+0h L2k

- AT [EETITILAR)
- - - Fuswnzop gaidimreor
LoWTE
-

Figure A-9. A2 receiver in high density at high altitude receiving

A2 transmitters



AN-Conf/11-1P/12
Appendix A-66

st Ol

(T |
1 o ] 12

an n E In 2 n

' I

RIS T MRS 1)
o
h
LTEEY Y, TR )

YR ROALE pGGEOL nl JLAK
TS
- — K YEhRe [Rdmrsg
wpane yrd s - - - mEAEAeATIEny Redinnenga
PR - WL
15-

-

Figure A-10. A2 receiver in high density at high altitude receiving A1H
transmitters

e o e e e e e —— e e s ——

e
F—
:
!
1
!
1
1
:

L
(=]
1

-y e

B L L TR L | r{lu:::-:'i LatIWLIL LCH_‘_‘}".LIEI‘

{39z s E urgbagll
. o]

=
.I-_

1k
LTS
TCATIRS (3407
1 2 n ¢ alt 32 il K14 +il
e h \ h \
R EE IR — - w3
L R
= .
el X
2 e e e e i iceeaan
b1y
i
i E‘u— ’ Bla: FLAr Y HHLTTN
o
R R P LT PSR N AT,
LFE
m

Figure A-11. A2 receiver in high density at FL 150 receiving A3
transmissions



A-67

Lin Ut (1 L"‘L:'
S [ I I T 1 R B L T

I:'_I.I-E:I :H::i‘E o IJ(J’[I

o

AMAG Jarpo

e

SO ERTLT
LR}
n

Figure A-12. A2 receiver
transmissions

gusrhr AT

It F g E 30
n T T T 1
LT T T ———YIH
.
F1y R ——
:
nf .

oo s T atwbgl]

anf AINEL f ECIOL

Rt Y =R VL LE NN
ERITRt:

T

AN-Conf/11-1P/12
Appendix

BTUEL
0@ Ky O3 om B

Mg e =y

-

kil alwb,

"
il

[

a0t JICE+0Y12E

VVELY Eedneeg
TEAman 0%l 0] 0 TLsc oL
W3z

ok

in high density at FL 150 receiving A2

LS )
i d In |2 et

—— e — e

cemimm—— IH

] -

o) Aannh :-nn!:-r[l 3

T Lol

AELE BRIy
Lzt Je s s a age
I

) -

Figure A-13. A2 receiver in high density at FL 150 receiving A1H

transmissions



AN-Conf/11-1P/12
Appendix

0 [
3 L
:
A,
1 -
=
E:
= I
£
5
o
o
L
A
¥
. b ens Fedmouen
I
WAL
3L

Figure A-14. A2 receiver
A0 transmissions

- WY2L? Erime

- Enaancirog grdaeesicne

A-68

gl {2 )
. alh

TR
S T &

ZIALe pEGLOT

in high density at FL 150 receiving A1L and

waobls L
Id ry S0

LCHEFUN LEE

BT

2 12

bl e e
2 )
1

Lt HE mil ml:hq’l]’

v
]
4.1

M ELE FBETIEE
PN

=
1

A=

Figure A-15. A1H receiver in high density at high altitude

A3 transmissions

- ¥i

grHRE g RTINL

receiving



AN-Conf/11-1P/12

A-69 Appendix
grrrR (pepn LELLERR S i)
0 2 T 12 i '_|D ¥ 17 132 i
- ' CrE
- wI

1 I
=) £
El El
] H
i =
E g
1 n
}: ,ﬁ
T grae paeroL T LOETYLHE

i3 -

el LR
FIrznE podimaesn: g g elneesoz
AR ] wo
Al -

Figure A-16. A1H receiver in high density at high altitude receiving

A2 transmissions

R
— il e
REASTE Pov otz
25-
-l Slate Vegor
b
'\.“_-
2
i
Fost
=
g
i
=
n
:, !
! 1
! !

'
E 1l

Tane: (M}

5

an
—— Al
= = = Burtconwol § eouiceniee s
- — MaEFs equiced
i THR
o
o
S
]
5
=
o
k]
o
A m— e — e — - — - — - — - — -
=
+ AlH
. o
2l il kL n 15

RiLngr; :_'N\U

14

Figure A-17. A1H receiver in high density at high altitude receiving

A1H tansmissions



AN-Conf/11-1P/12
Appendix

s

A-70

it g
]

: . W
Nt T S -
o, —_- e — a3
N i - e
< |
ET. .o
ol
E
T +nF
AR R =T A T
-E-?:i' + o [{ARERU O FRANEELIROT .].l:HHI\.LHB
T
e
gt LAl
o g 15 iE =il
P ) 1 — T
| #2
- .
Tl
<l
£
et
E_ .
=i ALIIC pLCIOL
b
Fofd- - - - Adiny pEdmsmens
—_ AT
i
Figure A-18. Al receiver in high density at FL 150 receiving A3
transmissions
. TeEthic fapr L R
n ¥ In 12 i I:II'.- d 14 12 il
' i R B - - T Tt __l_
L 73
- mk
= 2
E ¥
= o
13- -,
|
; 5
Tant BITIC 4 EalA T ICE+04 I3
T4
- — ewih by
- = WMFRLE Fadmnerito TR LT TS I TR
Wil YT
il nl

Figure A-19. Al receiver in high
transmissions

density at FL 150 receiving A2



AN-Conf/11-1P/12

A-71 Appendix
Ji- in
2100 --= Al s
- = M ANEE ltsguzremsnr - - - Eamdonrm’ Roquineneres
- — N AnE I'::'l]uin-rl
25-
-8 Staee Vector L THR
L o
e G
& o !
£ g !
T o
[ o
; 3
I £ SO -
- - . - - ————---- AlH
3 !
' — o .-’|.'1_H
. . 1 1 e e = L 1
|"IIZI H I 15 = i, 5 I T3 kR
Tangre (W0 Raaps (MDA

Figure A-20. Al receiver in high density at FL 150 receiving A1H
transmissions

o
— i
- — Al
- - - HAFPE Requisacre
2ar
L Shaie Velar
b
Ps
o
:g .
= 1af
o
E]
E
::'l.- 1
1 :
'
'
; el N ——
S 11
1 1

D|] - A a R r 2
Range T

Figure A-21. Al receiver in high density at FL 150 receiving
A1L and AO transmissions



AN-Conf/11-1P/12
Appendix

A-72

iy
S L
"E:i-" M- - MASPS Roguucsue st
; mE Srate Vector
E|
[
k]
3 wr
ar e
-l Az
— 1
Uy 3 i
Pangs o)
an
— 174
B gl N =S TR T P LT = e TEH*'”J""FSH
X 3 ARPE Reguared
oAt
—H' ank
..":‘i k- - e e e e e e e e e e e e e
A
= mE--"-"-"F-""-=-"—"-7"—-""="=-""7""—7-7"=7-""—="—/"—/_ -/ /= rr/T/T=- -
. - R R I e A
u .
0 3 Lil
Ranze i AL)

Figure A-22. AO receiv.er in

transmissions

HE L T

Il d
1 1
e [
i
=
2
ud
]
=
o lus
B
2
kS
T SEIe A CCIOL
!
o

- R RE T L
WE
il
Figure A-23. AO receiver
A2 transmissions

high density at FL 150 receiving A3

S A
I a n
¥E
- e e - 93
T;,— _________________ —_
£
o
o
s
ant LCHAD LY
- — WTERE litdmecy
(RO DA PLLE ) o i
. LR
mi

in high density at FL 150 receiving



AN-Conf/11-1P/12
A-73 Appendix

TWUTkR (AT R A
- H] i * B T
1 2 ———— e - ] 1 1
L TT T T ¥1H
? - WIH
HU 3 I
- =
= M of—— - — = — - — - — - — - -
E R
E 1T T
E 4
I n
W LA
T Eu FUHE J oL . ani . LR
EEd s
- — W RRE iy
5:'{1,"?::3 :.;'l'.l'll’;!'l:!’.l'l.':’.l'l' - :__rrl:nr.-'.|.'rr.|'|_"|:._:'r.|'|r:|:'.nrr.n'z
— U —
u m

Figure A-24. AO receiver in high density at FL 150 receiving A1H
transmissions

KT Al
n : n
|:|I T e e
——— —————————————————————————— s T
2 ...........................................
-
F
3
3
L
" ALTIE pEEfoL

HE
S -Fete grdmesusur
- = YT
— Y
EN

Figure A-25. AO receiver in high density at FL 150 receiving A1L and
AO transmissions



AN-Conf/11-1P/12
Appendix A-74

: BT ()
I: meoEE s e IR el @i ql pde L 13DOJAG 4O 120 TED 1X0 TEX Too ZEC
1 - R | 1 T T T T T T T

————

- — #¥RLR [edaTig -

- im0 | [rsdn e s .I.CI{'*'IJ\IE‘“IE- ..
WL —— e — = — = — - — =

ey T AT S

T e
Ll | A AT R T T P U) I I DR 11} [ O T { TR I S s I [T I VR VR PV I
A DA aec e T e - ‘
, e,

U - R I Y

.
va
T

wEAs 4 Eofuc

[y eaet T omiclepid
1

]
A
T

Yo R R
e WA

itk

Figure A-26. Ground receiver in high density with 3-Sector antenna in
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Brusselsreceiving A2 transmissions



A-75

gnarhir Cqp

AN-Conf/11-1P/12
Appendix

B L L L T e L Lt ) I LRI 1T s

Lo wed= ==+ o

LK e

LI T O O O
"-" 1 1 1
] -

2, S

4 a :

a - -

—g' ENTY o

S er= L il

3 - — MYzha udiig

Ay - - - BrEoenasrro] godamcne, e

— i

TENEL At

FEUHI 1 e I T s HO B 1 1 T B N T I o (O D 1
o . | o ———

I —————
e .
= 1
-g il L
(]
= If
D]
wr
o
] © gL edenEw R
- Ak
el

—_— —

HOTEE p oGO0l

e yIH

Figure A-28. Ground receiver in high density with 3-Sector antenna in

Brusselsreceiving A1H tr

L
ALl
— Alizx
AT Baguiren ez
A
i
U

Lpdare Tone 2ec)
o

s

Y
cA—

I:Il 1

oo A o

ansmissions

Stute Vevror

Al T i‘I.I.' Ll oy CLT
Torige W)

1 1
[T TS T B 1]

Figure A-29. Ground receiver in high density with 3-Sector antenna in
Brusselsreceiving A1L and AO transmissions



AN-Conf/11-1P/12

Appendix

o v an w4 A
1 T T T 1
— 1
= .
5 E -
B
b=l
E
T .
T - MR e
T R £ [ R
_— T
uly
oI E 3 An 2
|:|I ot . | e ee—
_—
: _
B T
o
o -
B
=
% 20
A - R
‘_i?__ 3'2 - I;"l: 'B'I'- . J.TI'.."".I'I

e WTTE
Al

oA KO AN

A-76

B e
R

TOE-04TRE

s A
MW a0 T
ST T

FLALC # G CECH

IRCOIE0 L4 TR0 196 10 |k
1 1 ' 1

R e N L R R bl

i Sk
1

—-¥F

1Al 506

71 r T T

_'-m
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Figure A-30. Ground receiver in CE2015 with 3-Sector antenna at center of
scenario, co-located with a 979 MHz TACAN
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Figure A-32. Ground receiver in CE2015 with 3-Sector antenna at
center of scenario, co-located with a 979 MHz TACAN delivering
-50 dBm power to antenna, receiving A1H transmissions
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Figure A-33. Ground receiver in CE2015 with 3-Sector antenna at
center of scenario, co-located with a 979 MHz TACAN delivering
-50 dBm power to antenna, receiving A1L and AOQ transmissions

Aircraft track acquisition was examined in terms of the distance at which aircraft were acquired in ahead-on
high-speed scenario. For this analysis, many instances of two approaching aircraft were placed in the midst
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of the high-density air traffic scenario, and the acquisition range was cal cul ated for each encounter. The 99th

percentiles are presented below for transmit-receive pairs. This represents the range where 99% of the
aircraft are expected to perform at least as well 99% of the time.

Table A-1: 99th percentile acquisition ranges (in NM) for UAT transmit/receive Pairs

A3 A2 A1H ALL AO
xmtr xmtr xmtr xmtr xmtr
A3 137 53 53 49 18
I cvr
A2 145 54 53 52 17
I cvr
Al 122 50 38 37 11
I cvr

Aircraft acquisition wasdefined differently for each equipage class. For AO/A 1L transmitters, acquisition was

defined to be simply the reception of a state vector update. For A1H category aircraft, it was defined to

require the reception of not only a state vector (SV), but also a Target Status Report (TSR) and a
Mode Status (M S) messageaswell. A2 acquisitionrequired aSV, TSR, M S, and a Trgjectory Change Report

(TCRO). Finaly, acquiring an A3 meant getting SV, TSR, MS, TCRO, and TCR1. The MAUSwas used with

probe aircraft in order to get alarge enough datistica sample to determine the 99th percentile. The results

in Table A-1 show that acquisition is achieved for each class of aircraft equipage at ranges beyond what is

necessary to perform flight applications currently envisioned for them.

Figures A-34 and A-35 show UAT system performance in the low-density scenario. RTCA DO-242A
[Ref. 3] specifies the maximum ranges for air-air update ratesrequired for A3to 90 NM (120 NM desired),
while the Eurocontrol criteriacontinueto 150 NM. The RTCA DO-242A requirementsfor state vector, TSR,
and TCR+0 updates are shown as black dotted lines on the plots. The Eurocontrol extension to 150 NM is
applied to the state vector, and Eurocontrol TCR requirements are shown as black dashed lines. Although
results for TCR+1 transmissions are shown, there are currently no ADS-B MASPS requirements that have
been set for TCR+1 reception. Performance in compliance with requirementsisindicated by resultsthat are
below the dotted and dashed lines.
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Figure A-34. A3 receiver at high altitude in center of low-density
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ATTACHMENT B

VDL MODE 4 SYSTEM PERFORMANCE RESULTS

Figure B-1 in this Appendix illustrates the system performance of VDL Mode 4 in the
high-density 2015 European scenario. RTCA DO-242A [Ref. 3] specifies the maximum ranges for air-air
update rates required for AO to 10 NM, A1 to 20 NM, A2 to 40 NM, and A3 to 90 NM (120 NM desired),
while the Eurocontrol criteria continue to 150 NM for A3. The RTCA DO-242A requirements for state
vector are shown as black dotted lines on the plot, with the Eurocontrol extension to 150 NM applied.
Performance in compliance with requirements is indicated by results that are below the dotted and dashed
lines. Note that in the VDL Mode 4 assumptions, al equipages had the same characteristics for transmit and
receive, and therefore are not shown by equipage type, since al transmitters and receivers are considered
to be the same.
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Figure B-1. VDL Mode 4receiver in high density at high altitudereceiving
all VDL Mode 4 transmitters
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ATTACHMENT C

1090 EXTENDED SQUITTER
SYSTEM PERFORMANCE RESULTS

The figures in this Appendix illustrate the system performance of 1 090 ES in both the
high-density and low-density scenarios. Figures C-1 through C-8 show performanceinthe heavy interference
high-dendity scenario. Two cases are shown: 30,000 Mode A/C replies greater than -84 dBm per second, and
45 000 Mode A/C replies per second. RTCA DO-242A [Ref. 3] specifies the maximum ranges for air-air
update rates required for AO to 10 NM, A1 to 20 NM, A2 to 40 NM, and A3 to 90 NM (120 NM desired),
while the Eurocontrol criteria continue to 150 NM for A3. The RTCA DO-242A requirements for state
vector and TSR updates are shown as black dotted lines on the plots. The Eurocontrol extension to 150 NM
is applied to the state vector. Performance in compliance with requirements is indicated by results that are
below the dotted and dashed lines.

The transmit power distribution for A3 transmitters, which was used for this analysis, was
uniform from 53-56 dBm. A3 transmit power was specified in this way to moddl what is expected to be
deployed. However, RTCA DO-260A allows for A3 transmitters to transmit at powers as low as 51 dBm.
This corresponds more closely to the transmit power distribution assumed for A2 classaircraftinthisanaysis,
therefore, for a class A3 aircraft with a transmit power near the lower limit of the alowed range, it would
be expected that performance would be given by A2 resultsin this study, rather than A3.
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Figure C-1. State vector updatetimesfor an A3 receiver at high altitudein
high density receiving A3 transmissions (30 00 Mode A/C replies per
second)
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Figure C-2. State vector report update times for an A3 receiver at high
altitude in high density receiving A3 transmissions (45 000 Mode A/C

replies per second)
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Figure C-3. Target State report update times for an A3 receiver in high
density receiving A3 transmissions (30 000 Mode A/C replies per second)
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Figure C-4. Target State report update times for an A3 receiver in high
density receiving A3 transmissions (45 000 Mode A/C replies per second)
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Figure C-5. State vector update times for an A3 receiver in high density
receiving A2 and Al transmissions (30 000 Mode A/C replies per second)
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Figure C-6. State vector updatetimesfor an A3 receiver at high altitudein
high density receiving A2 and Al transmissions (45 000 Mode A/C replies
per second)
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Figure C-7. Target State report update times for an A3 receiver in high
density receiving A2 transmissions (30 000 Mode A/C replies per second)
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Figure C-8. Target State report update times for an A3 receiver in high
density receiving A2 transmissions (45 000 Mode A/C replies per second)

Figures C-9 and C-10 show 1 090 ES system performance in the low-density scenario.
RTCA DO-242A [Ref. 3] specifies the maximum ranges for air-air update rates required for A3to 90 NM
(120 NM desired), while the Eurocontrol criteria continue to 150 NM. The RTCA DO-242A requirements
for state vector and TSR updates are shown as black dotted lines on the plots. The Eurocontrol extension to
150 NM is applied to the state vector and TSR. Performance in compliance with requirements is indicated
by results that are below the dotted and dashed lines.
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Figure C-9. Target State report update times for an A3 receiver in a
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per second)
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