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Agenda Item 5:  Identify Future Work Programs
Data Link Service Requirements
(Presented by the Federal Aviation Administration)

SUMMARY

This working paper provides an overview of the performance requirements for data link services in oceanic and remote airspace.  These requirements are contained in RTCA DO‑306/EUROCAE ED‑122, Safety and Performance Standard for Air Traffic Data Link Services in Oceanic and Remote Airspace, dated 11 October 2007.  This working paper suggests that DO-306/ED‑122 be recognized in appropriate regional documents, consistent with the North Atlantic (NAT) region, to provide the requirements for air traffic data link services in the South Pacific.
1 Introduction

1.1 In the past year, work has progressed in the North Atlantic (NAT) and Asia-Pacific regions to address concerns with the increasing use and aging Classic Aero Satellite Services provided by Inmarsat (See ISPACG action item AI 20-5).
1.2 The NAT Systems Planning Group (NAT SPG) held a special meeting last November and created a Technical Task Force on Data Link Applications Communications Requirements to specifically address the technical issues.  The Task Force met 20-22 February 2008 in Paris and completed draft guidance material on RCP and operational end-to-end monitoring for communications in the NAT region.

1.3 While the different regions are addressing these concerns, it is clear that the resolution be globally adoptable.  Coordination across the regions has begun with ISPACG through its Data Communications Working Group via email and Paul Radford’s participation in NAT activities and with the Informal Pacific Air Traffic Control Coordinating Group (IPACG) at its last meeting in November 2007.

1.4 This working paper provides an overview of the performance requirements contained in DO‑306/ED‑122 and additional requirements from work in progress.  It recommends that DO‑306/ED122 be recognized in appropriate regional documents, consistent with the NAT Region, to provide the requirements for the air traffic data link services in the South Pacific.

2 Discussion
2.1 Current monitoring of data link services measures the technical performance of the communication service for a population of aircraft in a given flight information region.  However, in order to improve system performance, data collected by Airways New Zealand suggests that monitoring is needed on a per tail number, per aircraft type, and per operator basis, to determine where the improvement is needed.  The operational end-to-end performance can be significantly affected by aircraft equipage and the different procedures that the operators use to respond to the controller’s clearances and instructions.
2.2 DO-306/ED-122 provides safety and performance requirements for data link services as follows:
a) Data link services used in lieu of high frequency (HF) voice, greater than or equal to 50 NM lateral separation and existing time-based longitudinal separations, e.g., minimum navigation performance standard (MNPS);
b) Data link services required for 30 NM lateral/30 NM longitudinal and 50 NM longitudinal separation standards; and
c) Considering route conformance monitoring, separation assurance, reroutes, and weather deviations.
2.3 RTCA DO‑306/EUROCAE ED‑122 provides safety and performance requirements for communication and surveillance capabilities from an end-to-end perspective and allocates these requirements to all relevant components of the end-to-end system.  These components include the aircraft systems, flight crew procedures, communication service provider systems, and the procedures and systems at the oceanic air traffic control (ATC) centre (OAC).
2.4 DO-306/ED-122 provides a number of safety requirements.  These requirements were derived from an operational safety assessment that evaluated the effects of hazards on the intended operations.  The assessment contributed to the validation of the assumptions used to introduce the communications and controller intervention buffer (described in Appendix 5 of ICAO Doc 9689) to collision risk modelling for the separation standards.  The results of the assessment were also used to determine the availability, continuity, and integrity values for the required communication performance (RCP) types associated with the intervention capability and other requirements associated with the surveillance capability.  Showing compliance to these requirements is typically done as part of the initial approval processes for the different components of the system, e.g., type design approval, operational authorizations, and service provision.
2.5 The requirements provided by DO‑306/ED‑122 are consistent with ICAO provisions, including those for the separation standards provided in ICAO Doc 4444 for longitudinal distance-based separation minima.  The requirements associated with the controller intervention capability, such as with the controller-pilot data link communications (CPDLC) application, are grouped using the RCP 240 and RCP 400 labels.  The different RCP types are intended to apply to the different operating contexts as described in paragraph 2.1.  Similarly, other requirements associated with the surveillance capability, such as with the automatic dependent surveillance – contract (ADS-C) application, are also grouped according to the different operating contexts.
2.6 Figure 1 provides a time diagram that depicts a typical operational communication transaction for an intervention.  The RCP type applies to the complete transaction.  The various components, e.g., flight crew/human machine interface (HMI), aircraft system, etc., are shown and physical lines of demarcation have been identified to define the time allocations appropriate for any particular RCP type.  These allocations are used as a basis for component approval and operational monitoring.  The two significant allocations are the monitored operational performance, denoted by TRN, and the required communication technical performance, denoted by RCTP.
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Figure 1:  RCP allocations for intervention capability (DO-306/ED-122, Figure 5‑3)

2.7 Table 1 provides the time allocations for RCP 240 and RCP 400 when applied to a data communication transaction (denoted by /D).  The two RCP types are specified to support intervention capabilities for 50 NM longitudinal, 30 NM longitudinal, and 30 NM lateral separation minima.  Per ICAO Doc 4444, these separation minima require a normal means of communication and an alternative means of communication.  
2.8 For RCP 240 and RCP 400, two sets of time values are provided.  

d) The first set of time values provided in the ET column is the allocation for the communication transaction time per ICAO Doc 9869.  The communication transaction time is the maximum time for the completion of the operational communication transaction after which the initiator should revert to an alternative procedure.  The frequency at which the maximum time can be exceeded is specified by the continuity requirement.
e) The second set of time values provided in the 95% column is the allocation for normal operations or the time at which 95% of all attempted transactions have been successfully completed.

Note:
As the criteria for RCP 240 applies to the intervention capability in reduced separation environments, the end-to-end monitoring need only consider CPDLC transactions that are typical of an intervention capability, i.e., relatively simple clearances requiring a W/U response.

	RCP type
	RCP 240/D
	RCP 400/D

	Time Parameter
	ET
	95% 
	ET 
	95% 

	Time Value
	240
	210
	400
	350

	RCP Time Allocations
	
	
	
	

	Initiator
	30
	30
	30
	30

	TRN
	210
	180
	370
	320

	TRN Time Allocations
	
	
	
	

	Responder
	60
	60
	60
	60

	RCTP
	150
	120
	310
	260

	RCTP Time Allocation
	
	
	
	

	Aircraft
	15
	10
	15
	10

	Communication service
	120
	100
	280
	240

	ATS unit
	15
	10
	15
	10

	Note 1: Values shown in seconds.
Note 2:  Expiration time (ET) is at the continuity requirement, which is 99.9%.


Table 1:  50 longitudinal and 30/30 - intervention (DO-306/ED-122, Table 5-6)

2.9 Table 2 provides the time allocations for position report delivery times when applied to a surveillance capability supported by data communications.  The delivery times are specified to support surveillance capabilities for 50 NM longitudinal, 30 NM longitudinal, and 30 NM lateral separation minima.  Per ICAO Doc 4444 and/or regional supplements, these separation minima collectively require position reports that are provided periodically, when the aircraft’s flight plan changes waypoint, and when the aircraft deviates laterally from its active flight plan by more than a specified distance, e.g., 5 NM.
f) Normal surveillance – The position reporting (PR) service shall deliver a position report within 180 seconds at the continuity requirement and within 90 seconds at 95% probability for:

1) Periodic report, from the start of the periodic interval. The start of the periodic interval occurs when the periodic report is sent by the aircraft (see Figure 5‑2); and

2) Waypoint change event report, from the actual time the aircraft crosses the waypoint.

g) Normal surveillance – The information exchange and reporting (IER) service shall deliver the lateral deviation event report within 180 seconds at the continuity requirement and within 90 seconds at 95% probability from the time the aircraft system detects that the event has occurred.

h) Non-normal surveillance – The IER service delivers a position report within 240 seconds at the continuity requirement and within 180 seconds at 95% probability for ADS‑C demand report or CPDLC position report, from the time the ADS‑C demand contract or CPDLC request was initiated by the ATS unit/controller.
	Position report delivery times
	Periodic, Waypoint, or Lateral Deviation Event

	Time Parameter
	ET
	95% 

	Time Value
	180
	90

	Time Allocation
	
	

	Aircraft
	5
	3

	Communication service
	170
	84

	ATS unit
	5
	3

	Note 1:  Values shown in seconds.
Note 2:  Expiration time (ET) is at the continuity requirement, which is 99.9%.


Table 2:  50 longitudinal and 30/30 - surveillance (DO-306/ED-122, Table 5-7)

2.10 Table 1 provides the time allocations for RCP 400 when applied to a data communication transaction (denoted by /D).  RCP 400 is specified for data communications used for intervention supporting lateral separations greater than or equal to 50 NM and existing time-based longitudinal separations, e.g., MNPS.  Per ICAO Doc 4444, these separation minima require only a normal means of communication, even though voice communication continues to be a requirement.
2.11 Table 3 provides the time allocations for position report delivery times when applied to a surveillance capability supported by data communications.  The delivery times are specified to support surveillance capabilities for lateral separations greater than or equal to 50 NM and existing time-based longitudinal separation minima.  Per ICAO Doc 4444 and/or regional supplements, these separation minima only require position reports that are provided when the aircraft’s flight plan changes waypoint, although other types of position reports may be used.
	Position report delivery times
	Periodic, Waypoint, or Lateral Deviation Event

	Time Parameter
	ET
	95% 

	Time Value
	400
	300

	Time Allocation
	
	

	Aircraft
	30
	15

	Communication service
	340
	270

	ATS unit
	30
	15

	Note 1:  Values shown in seconds.
Note 2:  Expiration time (ET) is at the continuity requirement, which is 99.9%.


Table 3:  > 50 lateral and time-based longitudinal - surveillance
(DO-306/ED-122, Table 5‑8)

2.12 Table 4 provides the values assigned to the availability, continuity, and integrity parameters applicable to operational transactions associated with the data link services used for intervention and position reporting.  These values are determined using Table 1‑1 (refer DO‑306/ED‑122) and the relevant safety objective(s) and qualitative probabilistic term(s) provided in Table 5 2 (refer DO‑306/ED‑122).  The values for availability and continuity are defined as one minus the quantitative value assigned to the probabilistic term for the safety objectives associated with the parameter.
	Parameter
	Value

See Note 1 and Note 2.
	Source information

	
	
	Safety Objectives per Table 5-2
	Hazard/
qualitative term per Table 5-2
	Quantitative value per Table 1-1

	Availability of service provision for all aircraft
	0.999

[1-10-3]
	SO-1
	Loss of data link service (multiple aircraft, detected case)
probable
	10-3

	Availability of an aircraft to use the service
	0.999

[1-10-3]
	SO-2
	Loss of data link capability (single aircraft, detected case)
probable
	10-3

	Continuity (C)
	0.999

[1-10-3]
	SO-3
SO-4
SO-5
SO-6
	Unexpected interruption of the transaction (loss after initiation)
probable
	10-3

	Integrity (I)
	10-5
	SO-7
SO-8
SO-9
SO-10
	Undetected corruption of the transaction

remote
	10-5


Table 4:  Continuity, integrity, and availability (DO-306/ED-122, Table 5-9)

2.13 Table 5 provides the intended uses for RCP 240 and RCP 400
i) RCP 240 is specified for the normal means of communication.
j) RCP 400 is specified to support either an alternative (and independent) data communication means in reduced separation environments or as a normal data communication means when lateral separations are greater than or equal to 50 NM and existing time-based longitudinal separation, e.g., MNPS.
2.14 The above criteria are consistent with ICAO Doc 9869.
k) Paragraph 3.2.6 indicates that RCP 240 would be used for controller intervention capability supporting separation assurance in a 30/30 separation environment.b

l) Paragraph 3.2.7 indicates that RCP 400 would be used for controller intervention capability supporting separation assurance in current environments where separations are greater than 30/30 and alternative technologies are planned for providing normal means of communication, e.g., Iridium voice or HF data link in lieu of HF voice.
2.15 It is noted that the scope of DO‑306/ED‑122 is for data communications.  Therefore, the allocations provided are suitable for data communication technologies.  The allocations for the data communications would not be applicable for voice communication technologies.  However, it is noted that the RCP types could be considered to establish a specification for alternative technologies (other than HF voice) for voice communications.
	RCP type
	Intended use
	Transaction time (ET) (sec)
	Continuity (C) (probability/ flight hour)
	Availability (A) (probability/ flight hour)
	Integrity (I) (acceptable rate/ flight hour)

	RCP 240
	Normal means of communication for application of 30 NM lateral separation and reduced distance-based longitudinal separation minima
	240

See paragraph 5.2.3
	0.999

See paragraph 5.2.5
	0.999

See paragraph 5.2.5
	10-5
See paragraph 5.2.5

	RCP 400
	Alternative means of communication for application of 30 NM lateral separation and reduced distance-based longitudinal separation minima
	400

See paragraph 5.2.3
	0.999

See paragraph 5.2.5
	0.999

See paragraph 5.2.5
	10-5
See paragraph 5.2.5

	RCP 400
	Normal means of communication for application of lateral separation greater than or equal to 50 NM and time-based longitudinal separation
	400

See paragraph 5.2.4
	0.999

See paragraph 5.2.5
	0.999

See paragraph 5.2.5
	10-5
See paragraph 5.2.5

	Note:  The values for parameters of RCP types have been adjusted from those provided in ICAO Doc 9869 based on the results of the operational safety and performance assessments provided in section 5.


Table 5:  Applicability of RCP types (DO-306/ED-122, Table 5-10)

2.16 Additional requirements to DO‑306/ED‑122

m) At the Special NAT SPG meeting, it was concluded that the RCP 240/D specification would include an additional service availability requirement for operational efficiency.  While DO‑306/ED‑122 specified a service availability requirement of 0.999 for safety, a service availability requirement of 0.9999 was needed for operational efficiency.  On a per Oceanic ATC Centre (OAC) basis, the 0.9999 service availability requirement would further translate into:
1) No more than 4 outages (affecting a significant portion of aircraft) greater than 10 minutes for any 12 month period;
2) Failures causing outages for multiple OACs are not counted more than once; and
3) No more than 50 minutes of total downtime for any 12 month period.

n) At the NAT SPG Technical Task Force meeting, it was further concluded that the RCP 400/D specification would include additional clarification to the 0.999 service availability requirement as follows:

1) No more than 24 outages (affecting a significant portion of aircraft) greater than 20 minutes for any 12 month period;
2) Failures causing outages for multiple OACs are not counted more than once; and
3) No more than 9 hours of total downtime for any 12 month period.

o) Furthermore, it was concluded that while DO‑306/ED‑122 included requirements for monitoring and alerting, additional requirements were needed on the time it would take to report an outage to the OAC.  This time is referred to in the North Atlantic Region as the indication delay.  After an outage begins, indication delay is the time before the communications service provides ATC automation with a positive indication that there is an outage.  The indication delay is 5 minutes for RCP 240 operations.  The indication delay is 10 minutes for RCP 400 operations.
3 Action by the meeting
3.1 The meeting is invited to:

p) Review the information provided in this working paper; and

q) Recognize DO‑306/ED‑122 and the additional requirements provided in paragraph 2.15 in appropriate regional documents to provide the requirements to:
1) Support aircraft type design approvals and the operational authorizations needed to use the data link services, and
2) Establish the targets for continued operational monitoring by air navigation service providers (ANSPs) and communication service providers.
- END -
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