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(1) Current requirements on update rate for TCP' s are implicit requirements and are not directly related to
the functional requirementsfor applicationsusing TCP's:

“Therate shall be sufficient to ensure continuous positive assessment by the receiving aircraft at
least 2 minutes prior to reaching closest point of approach for class A2 equipage (5 minutes... for
ClassA3).”

“For all elements of the M S report, the assembly function shall provide update when received or
indicate “no dataavailable” if noneisreceived in the preceding 10 second period.”

(2) Report rate should be lower for TCP' sthat are remotein time, e.g. whenever TTG tothe TCPis
larger than some threshold based on functional requirements for intent data.

(3) Most TCPintent datais static or slowly changing until the timeto TCPisimminent, or the TCP data
changesto reflect new flight plan intent. The reporting rate should reflect this redundancy in most TCP data
and not waste transmission bandwidth to update TCP data that is highly redundant.

Issue # 31 -- END IPCOVER PAGE -- Page 1




Originator’s proposed resolution:

(1) Proposed resolution isto broadcast TCP and TCP+1 information at a higher rate when the aircraft is
within 2.5 minutes TTG to the affected TCP or TCP+1, and at alower rate for TTG'slarger than 2.5
minutes. (The 2.5 minute criterionis based on anominal time budget for aflight plan deconfliction
application. The time budget includes time for pilot assessment of an assumed Deconfliction
Advisory, communications to the ground controller or intruder aircraft, and timeto apply a
moderate maneuver such as aflight level change to resolve the detected conflict prior to closest
approach. Seethe attached material for further details.)

(2 Thehigh rate broadcasts must be sufficient for high probability of reception within a 10 second
interval, i.e. 95% reception probability per 10 second interval. Thelow rate broadcasts are optional
for level A2 equipage, and for level A3 equipage must be sufficient to receive at |east one
broadcast of TCP intent information with 99% probability between5 minutes TTG and 2.5 minutes
TTG to the affected TCP. (For example, this requirement may be achieved with alow rate broadcast
of 30 seconds per transmission interval and a reception probability of at least 70% per broadcast.)

(3) Theabove 2.5 minute criterion is not arequirement for alevel A2 system, i.e. therequirement in
section 2.1.2.3.3.1 would become “ The rate shall be sufficient to ensure continuous positive
assessment by the receiving aircraft at least 2 minutes TTG to the current TCP for class A2
equipage. For class A3 equipage, the transmission rate shall be sufficient to ensure continuous
positive assessment by the receiving aircraft at least 2.5 minutes TTG to the affected TCP or
TCP+1, and to receive at least one reception of TCP information between 2.5 minutes and 5 minutes
TTG to the affected TCP.”

(4) Major changesin TCP or TCP+1 intent will be signaled by an appropriate indicator in the Mode
Status report. Such changes may require modification of the transmission rate in order to assure
reception of changed TCP or TCP+1 intent subject to the same requirementsin (2) and (3) above.

Theintent of this proposal isto emphasize the importance of TCP information within 2.5 minutes of reaching
aTCP point, and to de-emphasi ze the rel ative val ue of any remote TCP information more than 5 minutes
away from the affected TCP.

Additional supporting material is contained in the following attachment A pages.

Working Group 6 Deliberations:

May 24, 2001: This Issue Paper was discussed by WG6 at their May 2001 meeting. 1t was agreed to CLOSE
this Issue Paper and integrate its material into Issue Paper 21, “TCP Types and Parameters’.

Issue# 31

Page 2



Attachment A

Attachments for TCP Update Rate Requirements
March 26, 2001
Anthony Warren, Boeing Air Traffic Management

(1) Justification of shift from “closest point of approach” to TTG update criterion

The “closest point of approach (CPA)” criterion is a receiving side criterion, not a transmission
side criterion for determining update rate. If the potential conflicting aircraft has a CPA before the
TCP point and less than 2 min to CPA, then state vector information is adequate to judge conflict
detection without resorting to TCP data. (Several studies show the adequacy of SV data for
short lookahead times). If the potential conflicting aircraft has a CPA between 2 min and 5 min
lookahead, then there may be some value in using both SV and TCP data to detect conflicts, and
avoid false alarms. In this case we want to have transmission of TCP intent within 5 min TTG to
the next TCP to assure enhanced conflict detection performance at somewhat longer lookahead
times. If the potential conflicting aircraft has a CPA after the TCP point, then the 5 min TTG
criterion provides some capability to extend deconfliction to even longer lookahead times, e.g. 10
min lookahead, even if the CPA occurs after the Trajectory Change Point. Thus, we can
eliminate the awkward CPA criterion in the current MASPS and replace this criterion with a
simpler to implement TTG to TCP criterion.

(2) Justification for high rate requirements, e.g. 95% reception per 10 second period

This requirement is primarily interpreting the current MASPS, e.g. “continuous positive
assessment by the receiving aircraft”. It is clear from the implicit requirement to deliver report
data within 10 seconds, that a high probability of reception is desired for at least one Mode
Status report containing TCP data within each 10 second interval, provided that TTG is
sufficiently close (2 min for Class A2). We have assumed a value of 95% reception probability
since this means that the probability of not receiving TCP data for 20 seconds or more is very
low, i.e. >99.75% probability of receiving at least one TCP within a 20 second interval, given that
a TCP should be received for intent assessment.

(3) Justification for 2.5 min Threshold Criterion for Low Rate / High Rate Broadcasts

The 2.5 minute criterion for changing from Low Rate to High Rate “continuous positive
assessment” is based on the following crude time budget for a typical deconfliction application:

* Time for pilot to decide that a maneuver is necessary, given that a Conflict Detection has
occurred and a Deconfliction Advisory is issued: 0.5 minute

* Time for pilot to communicate a maneuver request to a controller (or to the encounter aircraft in
autonomous airspace): 0.5 minute

* Time for pilot to apply moderate maneuver to achieve desired separation, e.g. 1000 foot
altitude separation: 1.5 minutes

Total time from Issuance of Conflict Advisory to maneuver completion = 2.5 minutes.

(Note: this time budget for intent based deconfliction needs to be validated /approved or revised
as appropriate by the CD&R group.)
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(4) Justification for Low Rate Criterion, e.g. one TCP reception for TTG >2.5 min

The TCP Intent data is mostly redundant except for TTG, which changes dynamically on each
intent broadcast. There are situations where TCP intent can change dramatically, e.g. insertion
of a new turn point or deletion of TCP values when a “Direct To” is used to bypass intermediate
waypoints. In such cases, the Mode Status report should flag that some aspect of intent other
than TTG has changed and previous Intent values may be invalid. However, in most cases
Intent values such as latitudes and longitudes will not change at all or will change gradually over
time such as a Top-of-Descent TCP point. Consequently, a low rate criterion is proposed such
that for redundant intent data, only one reception in the interval from TTG <5 minto TTG< 2.5
min is required. Only a major change in intent signaled by the Mode Status report should require
a higher update rate in order to avoid using old, possibly invalid intent data. In this case, the
update rate criterion should assure that at least one reception of changed TCP information is
received for TTG>2.5 min, or the high update rate used, as appropriate.
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