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	ICAO Annex 10, Appendix B, section 3.6.7.3.4 prohibits the GBAS ground station from transmitting parameters representing the residual ionospheric error that will cause EIG to exceed 2.75m for any threshold supported by GAST D. WP19 of JWGs4 (Apr 19) explained why there would be significant benefit in allowing EIG to exceed 2.75m for some individual runway ends that are located far away from the GBAS reference point. 

In October 2019, JWGs5 WP42 was presented in order to justify and propose a change to ICAO Annex 10, to allow the GBAS GAST D residual ionospheric error, EIG to exceed 2.75 m for individual thresholds at an airport. The paper suggested revised wording for Appendix B, section 3.6.7.3.4, and associated guidance material to support GBAS availability simulations.  JWGs5 WP50 was also presented to close the action to confirm there is no impact to airworthiness criteria by allowing EIG greater than 2.75 meters.

Action 234 was placed on the IGM ad-hoc group, to do sensitivity analyses looking at the relationship between ionospheric models, distance to runways, EIG and availability.  The sensitivity analysis is presented separately in WP 9. 

This working paper proposes revised wording for the SARPs as a maintenance change to allow EIG to exceed 2.75m only when operational requirements permit. 

Action by the NSP is in paragraph 4.


[bookmark: beginning]INTRODUCTION
ICAO Annex 10, Appendix B, section 3.6.7.3.4 prohibits the GBAS ground station from transmitting parameters representing the residual ionospheric error (MEIG and YEIG) that will cause EIG to exceed 2.75m for any threshold supported by GAST D.
The possibility to detect gradients that will result in EIG > 2.75m at distances further away than approximately 5km (depending on direction and ionospheric model) is not limited by the ground ionospheric monitor performance, but rather by the gradients that are unobservable to the ground station, that is, they affect only the airborne. It is also noted that it is a specific type of gradients that causes this issue, namely those that are relatively static with respect to the ionospheric pierce point for the satellite-aircraft line-of-sight, as these gradients are difficult to detect with current airborne technologies.
Consequently, under the current ICAO SARPs, it is not possible to provide a GBAS GAST D service at thresholds further away than the limit given by the factors above, typically around 5km depending on the abovementioned factors. This is a significant disadvantage since:
· GAST D provides better ionospheric monitoring on the aircraft side than GAST C, and is therefore better suited to provide service, particularly in equatorial regions
· Also, GAST C in some cases has difficulties in providing a service to these thresholds, and equatorial regions present challenges since ionospheric disturbances cannot be considered “rare” events.
More details on this discussion can be found in WP 19 from Jwgs4.
The limit of 2.75m was derived to meet an availability of 0.999, and considered all relevant airports and aircraft types. More details on the considerations made can be found in WP29 from February 2015. The availability element considered here was the part driven by EIG. Svert2 * EIG, with Svert2 being the sum of the two maximum Svert,i of the S projection matrix, is tested against a maximum allowable position domain error (maxEV, maxEL) that is tolerable for a specific aircraft type, so this element of the availability is dependent on:
· EIG
· Constellation
· Aircraft Type
It should be considered that in the equatorial regions, where the EIG is typically high, the constellation is typically better than the worst case, so the availability will in many cases be better than the 0.999 target, even if EIG exceeds 2.75m. Also, when there is a runway for which service is prohibited due to it being far away from the GBAS reference point and thereby having a EIG larger than 2.75m, that runway may not even be suitable for the most demanding aircraft types where the maximum vertical error limit is tight. Aircraft allowing a higher vertical error (maxEv) would still potentially have more than adequate availability on that runway end, but according to the current ICAO requirement, they are prohibited from using it. The approach taken in the ICAO SARPs is therefore very conservative, and prohibits GBAS operations for some cases where performance would actually have been more than adequate, had it been allowed. 
Discussion 
Subsequent to the presentation of WP42 and WP50 during Jwgs5, the GWG found, and the report states that the idea to allow EIG to exceed 2.75 m for individual thresholds when necessary, is worthwhile to pursue.
Also, the group agreed that allowing EIG to exceed 2.75m would not be in conflict with airworthiness criteria, and would not impact the integrity risk. It is a question of availability, and potentially continuity. If the higher EIG increases the risk of losing the guidance during the approach, given that it was available at the start, which may be the case, then continuity may have to be assessed.  For example, continuity could also be addressed by incorporating NOTAMs for predicted outage times based on real satellite geometries and GBAS broadcast parameters.
The IGM ad-hoc group was tasked to do sensitivity analyses looking at the relationship between ionospheric models, distance to runways, EIGs and availability, and indicate how many airports that could benefit from this (action 234). WP 9 at this meeting presents the results of the analysis. 

Proposed way forwards
The IGM ad-hoc suggests that the airport operator is responsible to conduct an availability analysis when EIG > 2.75m, and the operator is responsible for conducting an availability analysis when the maxEv and/or maxEL is below 10m. Furthermore, the IGM ad-hoc suggests that the EIG is published for all runway ends where GAST D operations are supported, in order for operators to conduct realistic availability simulations for aircraft types with demanding characteristics. The parameters maxEv and maxEL are aircraft-type dependent characteristics derived from touchdown airworthiness criteria, and are used as limits in the airborne geometry screening process. More information about this can be found in RTCA DO-253D appendix J.
In summary:
· For thresholds where EIG <= 2.75m, nothing changes
· For thresholds where EIG > 2.75m, the service provider will have to ensure that the performance requirements, assuming an aircraft maxEV, maxEL of 10m, are adequate for the type of service intended.
· For aircraft that have a maxEv < 10m, the operator is responsible for analyzing the performance.
This working paper proposes a revised requirement, and associated guidance material related to availability estimation. The requirement in section 2.3 was previously proposed for the Jwgs5 meeting with an updated proposal in section 3.1. 

First proposal for revised requirement
The following requirement wording was proposed for the Jwgs5 meeting (WP42):
3.6.7.3.4    Ionospheric gradient mitigation

For FAST D ground subsystems, the probability of an error (|Er|) in the 30-second smoothed corrected pseudo-range at the landing threshold point (LTP) for every GAST D supported runway that: a) is caused by a spatial ionospheric delay gradient, b) is greater than the EIG value computed from a broadcast Type 2 message, and c) is not detected and reflected in the broadcast Type 11 message within 1.5 seconds shall be less than 1 × 10−9 in any one landing. The FAST D ground subsystem shall limit the Type 2 broadcast parameters to ensure that the maximum EIG at every LTP supporting GAST D operations shall not exceed 2.75 metres, except when operational requirements permit.

	Note 1.— The total probability of an undetected delay gradient includes the prior probability of the gradient and the monitor(s) probability of missed detection.

	Note 2.— Validation guidance for ionospheric gradient mitigation this requirement can be found in 7.5.6.1.8.

Note 3.— Guidance for assessing acceptability of exceeding 2.75m for EIG can be found in 7.5.13.1.


This proposal was discussed at the meeting, and the report concludes:” The proposed wording for the revised requirement was discussed, and it was felt by some that it might not give a clear idea what type of operation assessment would be needed. It could be considered to put more words in the note in order to clarify the intent of the “Except when operational requirements permit”. 

[bookmark: _Ref48137247]Revised proposal 
Proposal for requirement 3.6.7.3.4.
3.6.7.3.4 Ionospheric gradient mitigation
For FAST D ground subsystems, the probability of an error (|Er|) in the 30-second smoothed corrected pseudo-range at the landing threshold point (LTP) for every GAST D supported runway that: a) is caused by a spatial ionospheric delay gradient, b) is greater than the EIG value computed from a broadcast Type 2 message, and c) is not detected and reflected in the broadcast Type 11 message within 1.5 seconds shall be less than 1 × 10−9 in any one landing. The FAST D ground subsystem shall limit the Type 2 broadcast parameters to ensure that the maximum EIG at every LTP supporting GAST D operations shall not exceed 2.75 metres, except when operational requirements permit.

	Note 1.— The total probability of an undetected delay gradient includes the prior probability of the gradient and the monitor(s) probability of missed detection.

	Note 2.— Validation guidance for ionospheric gradient mitigation this requirement can be found in 7.5.6.1.8.

Note 3.— To broadcast Type 2 parameters such that EIG exceeds 2.75m for a specific LTP supporting GAST D operations, a tailored analysis will demonstrate that the resulting GAST D continuity and availability supports the intended operation. Guidance for assessing acceptability of EIG exceeding 2.75m can be found in 7.5.13.1.

Proposed new guidance

<Editorial Notes: 
The target is to develop guidance that can be used by service providers and/or manufacturers to indicate availability.
The 2.75 m maximum value for EIG is also mentioned in 7.5.6.1.6. The following modification is proposed:    
end of Editorial Notes >


7.5.6.1.6 Requirements for FAST D ground subsystems to support mitigation of errors caused by ionospheric anomalies. Although much of the responsibility for mitigation of ionospheric errors is allocated to the airborne segment, there is a requirement for FAST D ground subsystems that is necessary to support mitigation of such effects. Appendix B, 3.6.7.3.4 specifies that the ground subsystem is responsible for ensuring mitigation of ionospheric spatial delay gradients. The ground subsystem ensures that the value of the maximum corrected pseudo-range error (EIG) computed from the Type 2 data does not exceed 2.75 metres at all LTPs associated with runways that support GAST D procedures. One option available to the manufacturer is to restrict the distance between the GBAS reference point and the LTP. It may in some cases be desirable to allow GBAS GAST D service at LTPs were EIG exceeds 2.75m. This could have an impact on the availability of the GAST D service for that particular approach. The service provider should then evaluate whether the expected performance is adequate for the intended service.  See 7.5.13.1 for guidance on how availability assessment can be done.

<Editorial Notes: 
7.5.6.1 deals with ionospheric anomalies only. Since the goal is to provide more generic guidance for availability assessment, it is suggested not to include this information here. The suggestion is a new subsection under 7.5.13:
end of Editorial Notes >

7.5.13 Ground subsystem requirements and airworthiness performance assessment. Airworthiness certification of autoland systems, for use in Category II/III operations, requires an assessment of landing performance under fault-free and faulted conditions. More information, describing how the technical standards can be used to support an assessment, may be found in RTCA document DO-253D, “Minimum Operational Performance Requirements for Airborne Equipment using the Local Area Augmentation System” Appendix J”.
7.5.13.1 Estimating availability. It may in some cases be necessary to estimate the expected availability for an airport or a runway end. Examples are cases where the mask angles are high, or EIG exceeds 2.75 m. When the maximum value of 2.75m was established for the EIG, this was based on availability simulations where conservative assumptions were used for the constellation and aircraft performance, and the target was to provide the GAST D service with an availability of 0.999 for CAT III airports around the world. Therefore, the EIG limit of 2.75 m guarantees an availability better than 0.999 under the worst case assumptions, when only the residual ionospheric component is considered. However, for many locations, the availability may still be within this limit for EIG > 2.75 m. Also, table 3.7.2.4-1 specifies a range of availability requirements, and the service provider must assess which availability is needed for the operation in question. In case GAST D service is provided to an LTP where EIG exceeds 2.75 m, no assumptions can be made on availability, and the service provider is then responsible for estimating the availability according to the guidance outlined below, making assumptions on airborne performance. The maximum allowable undetected airborne error in the position domain (maxEv, maxEL) as derived from the touchdown airworthiness requirements can be assumed to be 10 m or higher. For aircraft types with a tighter limits on maxEV and/or maxEL, the operator is responsible for performing availability estimates.  
In general, availability at a given approach can be estimated by taking into account the ground station parameters transmitted under normal conditions, to compute airborne VEB/LEB and VPL/LPL and to compare against VALs/LALs for a particular approach. The result of the airborne geometry screening is a separate component of the availability.   For cases where EIG exceeds 2.75 m, or maxEV/maxEL is less than 10 m, it is sufficient to consider the availability resulting from airborne geometry screening, which will drive availability rather than protection levels.
As a minimum, the duration of the simulation must consider all constellation states (24 hours for GPS). When taking additional probabilistic considerations into account, e.g. scintillation probability, longer simulation durations may be required.  
VPL/LPL should be compared against VAL/LAL at 200ft (or at the threshold if that is further away from the GBAS reference point).
VEB/LEB should be compared against VAL/LAL at 23 NM or wherever the approach is intended to start.
Constellation to be used: 27 SV standard constellation with N-1 and N-2 state probabilities (see below).
If the availability requirement is met under these conditions, it is not required to do any further analysis. If additional analysis needs to be made, a less conservative constellation can be used, e.g. the current Yuma almanac. The same constellation state probabilities may be used, or, if possible, probabilities applicable to that constellation.
	Constellation state
	N sats operating
	N-1
	N-2
	N-3
	N-4

	GPS Probability
	0,95
	0,035
	0,015
	0
	0


Ground station parameters : As transmitted by the particular ground subsystem. 
Assumptions for airborne parameters:
AAD B
Aircraft Speed : 160 kts
σdivg : 0 (assumes smoothing filter steady state)
σnoise : 0.15 (worst case within AAD B)
MaxEv, MaxEL  : 10m 

MaxSvert = MaxEv / ER
MaxSLat = MaxEL / ER
MaxSvert2 = MaxEv / max (EIG)
MaxSLat2 = MaxEL / max (EIG)
ER is the maximum undetected pseudorange error for the GAST D approach, either 1.6 meters or EIG for the approach, whichever is larger.

12 channel airborne receiver 
Validation
Proposed validation matrix input:
	Paragraph [SARPs Paragraph No.]
	Title [Paragraph Title]
	VSG Outcome (green, red, blue only)
	Validation Activity Description
	Validation Notes 
	References

	B3.6.7.3.4
	Ionospheric gradient mitigation
	 
	GWG Validated by inspection, NSP6, 2020
	Change to allow EIG to exceed 2.75 m for individual LTPs in exceptional cases.
	JWGs5 WP50

	D7.5.6.1.6
	Requirements for FAST D ground subsystems to support mitigation of errors caused by ionospheric anomalies
	
	GWG Validated by inspection, NSP6, 2020
	Change to allow EIG to exceed 2.75 m for individual LTPs in exceptional cases.
	This paper, validation by inspection

	D7.5.13.1 
	Estimating availability
	
	GWG Validated by inspection, NSP6, 2020
	New availability estimation guidance, taking both airborne geometry screening and protection level availability into account. 
	NSP6 WP 9



ACTION BY THE meeting
The meeting is invited to:
· Review the contents of this paper
· Consider to update the requirement in ICAO Annex 10 Volume 1 Appendix B section 3.6.7.3.4 and to also include associated guidance material in Attachment D in an upcoming amendment. 
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