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SUMMARY 

This paper presents a number of concerns caused by the proposal from US to start ICAO standardisation activities for the Universal Access Transceiver (UAT) system. The paper also lists a number of issues that have to be further investigated before any activities within the ICAO WG-C can be started.

1.
Introduction
Numerous working papers presented to the AMCP WG-C/2 meeting by the panel member from US, are proposing and supporting that ICAO standards for the Universal Access Transceiver (UAT) should be developed. The proposal is raising a number of concerns. Some are presented in this paper together with a list of issues that have to be further investigated before any activities within the ICAO WG-C can be started.

2.
Development of ADS-B systems in ICAO
Automatic Dependant Surveillance (ADS) based on point-to-point communications was developed as an essential part of the ICAO CNS/ATM concept. During the development process a broadcast based type of ADS evolved, called ADS-B. As ADS-B includes elements from all the CNS domains it is considered to be the most important enabler for the ICAO CNS/ATM concept.

The ICAO SICAS Panel developed an ADS-B system called Mode S Exctended Squitter as an enhancement of ACAS. The ICAO AMC Panel developed the VDL Mode 4 system, designed to support a number of CNS applications of which the ADS-B was the driver for the system design.

Before the decision to develop an ICAO standard for VDL Mode 4 was taken, a thorough assessment was made of possible surveillance systems with the potential to support ADS-B. The assessment activity was supported heavily by the US promoting the Mode S Extended Squitter system as the one and only ADS-B system while others preferred VDL Mode 4. The conclusion based on technical and operational considerations was that the two alternatives are complementary. Mode S Extended Squitter was designed to support short-range applications with high update rates, while the VDL Mode 4 system was designed for longer-range applications. The system/technological diversity was preferred from a safety point of view. ACAS being the last safety net when all other surveillance means have failed should be maintained as an independent system. No new ADS-B based services have emerged since the ICAO assessment was made.

ICAO standards for both VDL Mode 4 and Mode S Extended Squitter will be available in Annex 10 in November 2001. At the same time MOPS will be available for both systems developed by RTCA and EUROCAE.

Operational implementations of the VDL Mode 4 system are ongoing in the Russian Federation and in Sweden. Preoperational system implementations are ongoing within numerous programmes supported by the European Commission (EC), e.g. NUP, MFF and MEDUP. The programmes are focusing specially on operational issues and the need for new operational procedures and working methods. Other EC projects are focusing on architecture issues related to retrofitting old aircraft as well as new aircraft designs. The infrastructure will be available when decisions are made to utilise the benefits of ADS-B in the European ATM system. Eurocontrol being responsible for implementing the new European ATM (EATM) system is coordinating these activities through its ADS Programme.

3.
Comments to the TLAT report
The final report from the joint US and Eurocontrol fact-finding activity called TLAT is now available. It is expected that the report will be used as an input to the process in the US and in Europe when selection of system or systems to support ADS-B is being made. It has been claimed that decisions will be based on other inputs and considerations also.

The activity has been conducted under pressure in order to deliver the report within a short time frame. The evaluation criteria were developed by the TLAT based in inputs from the participating groups. It is not clear how well these criteria will match with the ICAO requirements under development by the OPLINK Panel. 

In the report it is stated in several places that important criteria were never assessed, probably because of time constraints. Under normal circumstances this would mean that the work is not complete, the task is not fulfilled and it should not be possible to issue a “final” report.

It is very unfortunate that the systems capability to support several CNS/ATM services was not considered in the assessment. Furthermore, implementation issues addressing possibilities to operate systems onboard an aircraft seams not to be investigated en depth.

It is apparent that political forces must have influenced the TLAT activity. The evaluation criteria are obviously favoring broadband solutions and some very favourable system designs like antenna diversity have only been allowed for some of the systems under investigation. Some detailed and technical aspects of the TLAT assessment are provided as further information in Attachment A.

The TLAT report was not developed for the ICAO process. It has to be read in the context of ICAO operational material defining the CNS/ATM concept and in framework of already conducted ICAO assessments.

4.
Open issues when considering UAT
The AMCP/7 meeting tasked WG-C with

“7.2.3.3 ...the meeting agreed that an element of the new work in Working Group C would be to consider the need for the development of SARPs for the universal access transceiver (UAT) system... ... This activity should also, in coordination with Working Group F, consider the radio regulatory aspects connected to the use of the band 960 - 1 215 MHz for this system. Development of SARPs would take place after relevant instructions from the Air Navigation Commission have been received.”
The text makes it possible for WG-C to consider the need for a UAT standard developed by ICAO. It highlights that the spectrum issue and the radio regulatory aspects are important and that further instructions from ANC is needed before any work on a standard can commence. 

“Considering” might include the following issues:

· What new ADS-B based services are the UAT system supporting which the ICAO standardised systems are not covering? The material provided in the TLAT report indicates that the two systems standardised by ICAO (Mode S Extended Squitter and VDL Mode 4) are supporting all the services addressed in the study.

· Mode S Extended Squitter and VDL Mode 4 were developed to satisfy all at the time known operational requirements. The OPLINK Panel is in the process of developing ADS-B requirements for ICAO. No further ADS-B systems should be standardised without operational justification.

· RTCA is revising the ADS-B MASPS document and a number of changes are expected. MOPS for UAT are developed in parallel, which seams to be a risky activity. The rare resources in ICAO should not be wasted on products that might be obsolete at the end.

· Explore the amount of multinational resources available to support a UAT standardisation activity, and what commitments to implementing the system can be expected. Note that the UAT system development is 100% financed by the US FAA and compare it with VDL Mode 4 where the involved multinational community only get 50% funding from the European Commission.

· Evaluate the importance of redundancy in an ADS-B service in an environment where separations are based on ADS-B. Is a single channel system providing sufficient level of redundancy?

· Evaluate the role of trajectory negotiations and conflict resolutions in situations with delegation of responsibility for separation to the aircrew. An air-to-air communications capability possibly based on point-to-point communications might be an absolute requirement. Furthermore a point-to-point capability might be the only way to resolve the authentication or spoofing problem.

· In Europe the new EATM system is including the ground part of a flight in the so-called “gate-to-gate” environment. Performance of ADS-B systems on ground is an essential part of the system characteristics.

“Spectrum issues” might include the following issues:

· Does the ITU Radio Regulation allow surveillance services to operate in the band assigned for DMEs?

· Spectrum availability has to be assessed. In Europe the “Precision Area Navigation” system (PRNAV) under implementation is based on DMEs. VOR is scheduled to cease to be the sole mean navigation aid and many will be decommissioned. In Sweden five VORs have been decommissioned during the last years and new DMEs have been installed.

· How does the coupling of VORs and DMEs affect the availability of spectrum and the effort to reorganise assignments in the DME band? According to the ICAO Frequency Handbook, there is also a coupling defined between DMEs and ILS and MLS.

· Spectrum efficiency, flexibility and growth potential. Is a broadband system requiring 3 MHz bandwidth really more spectrum efficient than a narrowband system requiring a few 100 KHz bandwidth? What are the possibilities to adapt the system spectrum utilisation depending on regional variations and future developments?

· Experience from implementations of VDLs indicates unexpected co-sight problems. The impact of UAT on all other aviation systems, like DME and ACAS, onboard an aircraft have to be investigated and tested. Eurocontrol experienced total data loss during several minutes in their flight tests with UAT, indicating that UAT might be sensitive to signals radiated from other on-board systems. No explanation has been found so far. Severe interference between ACAS and UAT seems to exist.

“Instructions from ANC” means that:

· AMCP should not start any standardisation activity before directives to do so have been given by the ANC.

· Directives from the ANC are normally initiated by recommendations from a panel of experts, like AMCP. Panels develop recommendations at panel meetings, and the next panel meeting is AMCP/8 scheduled for the end of 2002 or beginning of 2003. 

5.
Recommendations 
The AMCP WG-C/2 meeting is invited to

a) note the information presented in this paper;

b) avoid any decisions formed on the basis of the TLAT report only;

c) consider the risk of jeopardising the ongoing implementation of ICAO standardised systems if UAT activities is started within WG-C; and

d) ensure that at least all the open issues identified in this paper are resolved by the proposer before UAT can further be considered for standardisation by ICAO.

COMMENTS ON TLAT REPORT

Steve Heppe, May 7, 2001

The TLAT concluded that no data link did better than UAT, and that the UAT satisfied the low density scenario. None of the data links had excess capacity in the high density scenario.  These conclusions were based on the data links being configured according to their respective system descriptions, and analyzed under specific assumptions including the assumption of zero interference to UAT from JTIDS or DME. 

The TLAT report noted the high degree of configurability (flexibility) of the VDL Mode 4 data link, but was only able to assess its performance against a few baseline configuration alternatives. There was insufficient time to fully assess a configuration alternative provided by a US-based group of VDL Mode 4 experts.  Furthermore, some of the baseline assumptions made for VDL MODE 4 created an apparently unbalanced comparison against the other data links (i.e., failure to achieve an “apples-to-apples” comparison).   This paper identifies the key differences that appear to have limited the technical viability of the TLAT conclusions. 

1. Ground infrastructure assumptions. 1090 MHz Extended Squitter was evaluated with a 6-sector antenna (which also implies a six-channel receiver) whereas VDL Mode 4 was evaluated with a single omnidirectional antenna. While a sectorized antenna at VHF is larger than one at L-band, the total ground system cost is not significantly different and the benefit of a sectorized antenna is substantial (6-8 dB improvement in air-to-ground reception performance plus discrimination among messages sharing a slot if they come from different azimuths, as is the case for the LA Basin honeycomb scheme).  A sectorized antenna is critically important for any scheme that seeks to share channel capacity in time (as is the case for VDL Mode 4).  A sectorized antenna was advocated by the US-based group of VDL Mode 4 experts but was not considered by the European experts in TLAT until too late in the process for evaluation. The ground system assumptions should have been harmonized across all the link candidates in order to ensure a fair and equitable comparison.  This was not done. 

2. Performance requirements.  The TLAT report references Table 3-4 of RTCA/DO-242 as the source of performance requirements, and uses a set of benchmarks based on SV update confidence within T seconds with 95% confidence.  There have been many debates regarding the validity of these requirements, but it is not the intention of this working paper to engage in such debate.  The TLAT policy was to rely on the MASPS without modification, as a pragmatic way forward in a contentious debate.  However, note 7 of  Table 3-4 clearly states that acceptable values of update rate are to be calculated from a formula based on the 99% performance values listed, not the 95% values.  The TLAT chose to ignore this important note in its methodology. This was contrary to the MASPS, and discriminated against VDL Mode 4 which uses a relatively low update rate with high delivery performance rather than a high update rate with low delivery performance.  This analytic deviation from the MASPS baseline could have led to a significantly different set of conclusions, considering the nearly equivalent technical performance of the UAT and VDL MODE 4 systems as assessed.

3. Improper handling of antenna diversity and receiver diversity.  The TLAT hosted a lengthy discussion on antenna diversity.  All the data link schemes assume two antennas per aircraft for A2/A3 users.  The modeling of these antennas represents a key area of the analysis.  Consistent with the importance of this area, the TLAT developed a fairly detailed body of work on antenna gain pattern variations.  This allowed the fairly realistic simulation of signal strength and signal-to-interference ratio at each of two receiving antennas on a simulated user aircraft. At the outset, the TLAT made a technical error by selecting the most robust signal (i.e., from the two antennas) and assessing receive performance based on this single system.  In a true diversity scheme, both signals should have been assessed for error-free reception and a successful reception event declared if either signal yielded an error-free message.   By using a pre-selection technique, the TLAT inadvertently minimized the value of diversity reception and this had a qualitatively more significant effect on VDL Mode 4 than on the other two links (i.e., since VDL Mode 4 intentionally shares slots whereas the other two links rely on non-overlapping transmissions). Other errors appear to have been made in this area as well.  For the UAT, the signal-to-interference ratio at each of the two receiving antennas was used as the selection parameter and the best SIR ratio was used to determine message error rate. For Mode S and VDL Mode 4, the TLAT report indicates that only the signal level was evaluated at the two antennas.  The stronger signal was used to determine message error rate even if it had a less desirable SIR (e.g., due to larger signal power fluctuation on the part of the interferer).  Clearly all systems should have been evaluated on the basis of the antenna exhibiting the best SIR.  Finally, in its evaluation of the VDL Mode 4 honeycomb, JHU/APL applied a simplified antenna model that gave a single +3 dBi gain in all directions.  This looks innocent on the surface, but the effect is that all antenna diversity is eliminated (i.e., since both antennas exhibit exactly the same performance).  In a real situation, two antennas with exactly the same performance would still offer better performance than a single antenna since each receiver has an independent opportunity to receive the message error-free.
  But this form of diversity was eliminated as well, since as noted above only the output of a single antenna was evaluated. This was particularly damaging to the assessment of VDL Mode 4 performance since VDL Mode 4 employs slot sharing at long range – relying in part on antenna diversity to enhance message reception probability at moderate to long range.  The omnidirectional antenna pattern would only be useful at very long range in a garble-free environment – clearly not the scenario evaluated by TLAT.  Test data were presented to the TLAT, based on flight trials with Eurocontrol, which demonstrated the efficacy of antenna diversity.  These data were ignored. In other analyses performed by TLAT (which may or may not have affected the overall results summarized in the report), yet a third antenna model was advocated, which implied that two antennas would actually perform worse than a single antenna at long range. This is contrary to intuition and common sense.  

Incorrect handling of TCP analysis for VDL Mode 4.  VDL Mode 4 uses a two-slot message for TCPs.  The TLAT assumed that a user would first have to find two contiguous slots, and then modeled TCP delivery probability by assuming that either slot of the two-slot message had an independent likelihood of garble.  This is pessimistic.  First, it ignores the potential, as contained in the honeycomb scheme, for TCPs to be “demanded” by the ground in directed-slot mode on a relatively low-utilization channel.  Directed-slot reservations cannot be shared, and the ground can further protect these transmissions (if it wishes) with ground-directed blockages of certain slots. Second, even if TCPs are transmitted autonomously, the two-slot message contains a single reservation, and it is the knowledge of this reservation, or lack thereof, which is the primary determinant of garble. A two-slot message represents twice the “exposure” of a one-slot message, but there is only one population of ill-informed peers taking “shots” that could prevent message delivery (and each user only gets one “shot”).   Furthermore, users within line-of-sight will sense the increased signal level in the first slot even if they were previously unaware of the reservation.  Hence none of these users can transmit in the second slot even if they have failed to receive the reservation. Only hidden terminals can transmit in the second slot. These technical differences have a significant impact on overall assessed performance.  

4. TLAT report is incomplete.  In addition to the failures of analysis noted above, there are 25 instances of parameters that were “not addressed” in the section 5 tables summarizing the conclusions of the analysis.  

5. Incorrect conjecture regarding dependency of VDL Mode 4 MER on traffic density.  The TLAT adopted a bizarre analytic technique for the proposed LA Basin honeycomb scheme, which relied on a histogram of MER occurrences rather than the more traditional (and more meaningful) plot of MER versus distance. This approach was never agreed or even briefed to the honeycomb proponents.  The MER histogram exhibits a bimodal relationship with many messages exhibiting good MER, many exhibiting bad MER, and relatively few messages exhibiting moderate MER.  This general behavior was treated as an apparent weakness of VDL Mode 4, leading to the conclusion that the honeycomb scheme offered no obvious benefit, but in fact it is expected in any high-density environment and really teaches nothing – i.e., messages from nearby users exhibit good MER and messages from very distant users exhibit bad MER. Since there are a lot of users at long range who can garble one another, there are a lot of messages with bad MER. This says nothing meaningful about the system since these messages are all arriving from very long range (so they are not operationally significant).
 The MER histogram suppresses the relationship between MER and distance, which is really the behavior of interest.  The TLAT further observed that the distribution was sensitive to user location within the LA Basin – a user near the center exhibited a large number of messages with good MER whereas a user near the periphery exhibited relatively fewer messages with good MER (and more with bad MER).  Based on this observation, the TLAT conjectured that the performance is worsening with decreasing aircraft density
 (i.e., VDL Mode 4 does better in a high traffic environment than a low traffic environment).  This counterintuitive conjecture, which would be welcome if true, is actually neither true nor mysterious. Clearly, users near the center experience a large number of messages with good MER because there are a large number of users at close range.  As a user moves away from the center, there are fewer users at close range and correspondingly more users at long range.  In the limit, for a user at the edge of the simulated scenario, virtually all the users are at long range, sharing a limited number of slots, and virtually all will exhibit poor MER (but this has no operational significance).  It is suspected that all the data links would exhibit this behavior, and the TLAT would likely have discovered this fact if they had used a single framework for assessing all the data links. 
6. TIS-B assessment.  TIS-B was not quantitatively addressed since TLAT adopted the premise that TIS-B was a gap-filler, and so would not add to channel load in the end-state with all users equipped for ADS-B. This assumption is already being questioned as various groups recognize the integrity and reliability benefits of an integrated ADS-B/TIS-B scheme.  If TIS-B is ultimately employed as a core element of the future CNS/ATM infrastructure, the UAT would multiplex TIS-B uplink information onto the same frequency as the ADS-B and FIS-B traffic.  This would potentially overload the dedicated uplink capacity within the UAT frame and cause performance problems for ADS-B.  VDL Mode 4 would adopt a different scheme, putting TIS-B on a dedicated channel (at least in high traffic areas where ADS-B channels are heavily loaded) and relying on an extra receiver card for those users who need the additional integrity and/or availability offered by the TIS-B service.
  The TLAT design assumption for TIS-B eliminated a key capacity driver for UAT, potentially leading to an overly optimistic conclusion if TIS-B is ultimately required (even if not used by all users). 

7. FIS-B assessment.  The simulations appear to have been based on FIS-B consuming 4 slots/second on VDL Mode 4 (approximately 5% of channel capacity). But an alternative support concept places TIS-B and FIS-B on auxiliary channels.  This would improve ADS-B performance in high density areas such as the LA Basin.   

8. Misstatement of VDL Mode 4 spectrum need.  Section 5.1.2, regarding availability of spectrum, states that VDL MODE 4 requires two Global Signaling Channels, two Regional Signaling Channels, two Local Signaling Channels and one ground channel.  This is a total of seven 25 kHz channels. However, this tabulation appears to involve double-counting between the European and LA Basin scenarios.  

9. Interference assumption for UAT.  The conclusions of the TLAT are based on the assumption of zero interference from JTIDS and DME.  This may be optimistic.  Any increase in interference, from the zero-interference assumption, could lead to lower performance on the part of the UAT.

SUMMARY

Given the discrepancies and mistakes that appear to have skewed the analysis, and the lack of completeness, it appears that the TLAT results cannot be used without significant additional work.  







� For example, if each antenna-and-receiver pair has a 90% chance of receiving a message successfully under certain conditions, than two such equipment strings working together would have a 99% chance of receiving the message successfully (flight testing in Europe demonstrated that the two systems are essentially uncorrelated from a statistical point of view, with a correlation coefficient of about 0.1). 


� However, it should be noted that the extreme nature of the bimodal distribution observed by the TLAT was a consequence of the incorrect antenna modeling described above.


� TLAT report, Appendix M.1, section 3.3, just above Figure 10.


� Some users could operate with ADS-B alone or TIS-B alone, allowing a cost savings for these users.
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