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 	General

The GBAS Working Group (GWG) met in a hybrid meeting from May 23rd – May 26th, 2023.  A joint GWG/CNTWG session was held on May 24th, 2023.  The agenda for the meeting is given in Attachment A.  A list of working papers and information papers considered by the group is given in Attachment B.  The GWG reviewed 10 working papers and 7 information papers.  During the virtual meeting the group also reviewed the action items list (see Attachment C) and discussed the future work program (see Section 13.0).

Status of GBAS – Agenda Item 1b.

The meeting began with the usual general discussion of the status of GBAS in States and organizations.  Three information papers were submitted and verbal status was given by a number of States and organizations.

IP 2 – Australian GBAS Experience
This paper provides an update of Australia’s experience with implementing GBAS and the number of GLS capable aircraft operating into Australian airports that are equipped with a GBAS.

IP10 - GBAS Status Update in Japan
This paper presents an update to GBAS development in Japan.   

Japan is implementing a project in collaboration with Thailand to prove the feasibility of GBAS in low magnetic latitude region.

Electronic Navigation Research Institute (ENRI) has carried out research and development activities related to GBAS which includes DFMC GBAS concept development, GAST-D performance enhancement for the low latitude region and advanced operations by GBAS.
IP 13 - EUROCONTROL GBAS activity status
This IP, based on NSP7 Flimsy07, contains the EUROCONTROL GBAS activity status updated to May 2023.

IP 19 - GBAS installation at San Francisco International Airport (SFO) and Future Plans
The San Francisco International Airport (SFO) has commissioned a Honeywell SLS-4000 Ground Based Augmentation System (GBAS) to support multiple project goals including noise reduction, precision approach redundancy, aircraft performance efficiency and delay reduction.

This IP introduces some of the unique challenges and processes used by the San Francisco International Airport (SFIA) and airlines to explore innovative GLS procedures and expand the capabilities of the GBAS at SFO. 

This paper was prepared by SFO for the GWG’s information, and realization of SFO plans, particularly with regard to GBAS Cat II on GAST C, are not supported by FAA policy at this time.

Oral Reports on the Status of GBAS
The GWG meeting went around the room to get oral status reports from the any States or organizations willing to a status report.
Status of GBAS in Germany
In January 2023 DFS reported that they plan to initiate an early implementation project for the installation of a certifiable GAST D ground station.
To do so, DFS is looking for support from industry to provide the prototype ground system and to commit to certify the ground system within the anticipated project timeframe. Industry reported that they need either a larger group of project partners implementing ground systems or public funding for certification activities. 
During the last months DFS have had contacts with European Commission to present the current blocking situation (“chicken and egg situation”) that prevent first GAST D ground and airborne installations. Further discussions are planned the coming month.
Status of GBAS in India

Status of GBAS in France
DSNA has shut down the end-of-life experimental ground station GBAS Cat I at Toulouse airport only used for Airbus GLS activities due to signal non-compliance. 
 
DSNA mainly involved in the work related to the definition of the GBAS dual-frequency multi-constellation concept. 
DSNA will take profit of Toulouse installation (MLA and VDB antennas) to do data collection on DFMC concept. 

DSNA is involved in Eurocae WG28.

The project to equip Paris CDG airport with GBAS cat-III is on pause.

GBAS Status in Spain
GBAS CAT I is operational in Málaga airport providing service to runways 13 and 31 on a 24 hours basis. Approach procedures to these runway thresholds use a 3.2º and 3º glide slope respectively. A TMA extensive restructuring together with the implementation of GBAS CAT I precision approach service to runway 12 using a 3º slope is planned to enter into service in November 2023. 

In Madrid Barajas, ENAIRE is working together with the airport operator in order to take a decision about the implementation of GBAS CAT II operations served by a GAST C system enhanced with EGNOS ionospheric monitoring. The main drivers for this decision are environmental and resilience concerns. 

Regarding other potential scenarios, the possibility to implement GBAS CAT II is being assessed by Málaga and Palma de Mallorca airports. In Málaga, only take-off operations are permitted in low visibility conditions, so the upgrade of current system and approach procedures to GBAS CAT II would allow for full low visibility procedures. In Palma de Mallorca, ILS CAT III approach procedures are available to one out of 4 runway thresholds. GBAS could provide up to CAT II service to all of them.

The experimental GBAS CAT III systems that were installed in Tenerife North and Barcelona for technical validation in the frame of SESAR 1 and SESAR 2020 are running to continue data acquisition and exploitation. The GBAS datalogger in Tenerife North is currently maintained through a contract with Indra Navia and supports research activities for ESA Navigation Innovation & Support Programme. In March, ENAIRE, as project consortium leader, submitted a tender to resume DFMC GBAS activities within a Horizon Europe call and proposals are pending evaluation.

GBAS Status in the US
There are no major new activities to report.  GBAS operations at the three GBAS-equipped airports in the US continue, and work by the Port Authority of New York & New Jersey (PANYNJ) is progressing on new GBAS installations for New York’s JFK and LaGuardia airports with completion expected in late 2024 and mid-2025, respectively.

The following are the 2022 and January-March 2023 GLS approach counts for public GBAS in the US:

	
	2022
	January-April 2023

	Houston, TX (IAH)
	130
	34

	Newark, NJ (EWR)
	1110
	348

	San Francisco (SFO)
	89 (Sept-Dec Only)
	TBD – No data available



To ensure the newly proposed GBAS installations at JFK and LaGuardia International Airports meet the FAA’s required siting criteria and standards, the FAA conducted a CAT-I GBAS Siting Analysis for each airport. The objectives of these siting studies were (1) to review and confirm that the SLS-4000 GBAS ground facility proposed locations are in accordance with approved siting, installation plans/procedures, and the SLS-4000 Commercial Instruction Book (CIB), (2) verify the Local Object Consideration Area (LOCA) for each Reference Receiver Antenna (RRA) and the Very High Frequency (VHF) Data Broadcast Antenna (VDBA), and (3) ensure that any notable objects within each LOCA will not degrade system performance. Use of FAA Spectrum Engineering’s iRCAS modeling tool was also used to predict VDB coverage volumes to confirm that all desired GBAS approaches at these airports are feasible. Recommendations and considerations for each of the four RRAs and the VDB Antenna were summarized in the resulting NR Siting Studies.

The FAA has continued to conduct ionospheric vigilance activities in order to ensure that the current CONUS threat model remains valid.  As solar cycle 25 ramps up, a steep increase in the number of events of interest has occurred.  The data is under review and thus far, no points exceeding the existing threat model have been identified.

The FAA & EUROCONTROL will co-chair the 22nd International GBAS Working Group, hosted by San Francisco International Airport (SFO) from June 27-30.  An informational paper with a formal invitation will be shared.
GBAS Status in Singapore
Singapore has sought funding to implement GBAS at Changi International Airport in Mar 2023. We plan to call a public tender in Jun 2023 to engage a safety consultant to do GBAS safety case. The tender for the system implementation is expected to be in early 2024.
Status of GBAS at Boeing
Matt Harris from Boeing reported there is essentially no change in the status of Boeing with respect to GBAS.  Boeing offers GLS GAST C capability as a basic feature on 787, 747-8, 777-9 and will do so on all future new models.  GLS Cat I has been a selectable option on 737 since certification in 2005, with now nearly 100% uptake on production deliveries.  There are nearly 4,000 Boeing airplanes operating today with GLS GAST C, growing by more than 500 airplanes per year with nearly 5000 GAST C activated airplanes on order.  Boeing currently offers GLS GAST D Cat II/III capability for 777-9 as a selectable option with Collins Aerospace third generation multi-mode receivers.  Entry into service for the 777-9 is scheduled for 2025.  Customer demand for the option has been high.  Incorporation of GAST D GLS Cat II/III on other production models is under study.

Boeing is actively leading industry standards development for Dual-Frequency Multi-Constellation GBAS capabilities that will enhance availability and robustness of GLS to be implemented in the 2030 and beyond time frame.  Boeing continues to support manufacturers, operators, and air navigation service providers in deployment, certification, and operation of GLS.  An example includes support for operator applications for operational approval of Category II operations using the existing fleet of 737, 747, and 787 GLS GAST C aircraft in the US and Europe.  Boeing also provides operational and environmental analysis for emissions and noise, procedure designs, cab simulations, flight demonstration planning and execution with portable GBAS equipment, safety case support, and GLS benefits analysis.

Agenda Item 1c: Coordination with other Panels and Groups on GBAS
IP 12 - Invitation to the 22nd meeting of the International GBAS Working Group
After interruption by the COVID19 pandemic the International GBAS Working
Group is meeting again in person, initially last September at EUROCONTROL
Brussels and now, from 27-30 June 2023 at San Francisco International Airport.

The members of NSP GWG are invited to participate in I-GWG/22
IP 16 - RTCA SC-159 WG 4 Status 
This information paper presents the status and progress of Ground Based Augmentation System (GBAS) standardization activities at RTCA.  RTCA Special Committee (SC)-159 is a committee that has been established to produce and maintain a suite of minimum operational performance standards (MOPS) and other documents for aviation equipment using one or more GNSS core constellation as augmented by aircraft-based, ground-based, and satellite-based augmentation systems (ABAS, GBAS, and SBAS, respectively).

Within SC-159, working group 4 (named the “Precision Landing Guidance Working Group”) is tasked with developing GBAS standards.

This paper:
· Includes a list of deliverables and the planned development schedules for all the deliverables currently identified in the RTCA SC-159 terms of reference
· Provides a status of the various RTCA SC-159 activities
· Identifies all the known maintenance items for DO-253D change 1 (the LAAS MOPS – which is also often referred to as the GBAS MOPS)
· Includes in an appendix the most recent GBAS working group development status presentation to the SC-159 plenary

The NSP is invited to note the status of RTCA GBAS activities.  It is important to communicate and remain aligned with GNSS standards developments activities and schedules among RTCA SC‑159 and the ICAO NSP (as well as with other organizations).  

Agenda Item 1.d) GNSS/GBAS Manual 

WP 27 - Current Plan for the GBAS Manual
This paper assembles and references past activities on development of a GBAS Manual as separate Volume of the GNSS Manual to provide a basis for the future work. The paper also proposes a tentative timeline for completing the activity.

The group reviewed the outline and discussed the need for volunteers to lead in the development of individual sections of the manual.   

1. The meeting was invited to:
2. Comment on the proposed way forward to develop the GBAS Manual as a separate volume within the GNSS Manual; 
3. Provide inputs on the proposed structure;
4. Comment the proposed timeline and method of development;
5. Volunteer to support the development effort, by taking responsibility for one of the sections to be developed or contributing to the review.


[bookmark: _Ref88046276]Agenda Item 2.a VDB Related Issues
Joint Meeting of GWG and the Conventional Navaids and Testing Working Group (CNTWG)
A joint session of GWG and CNTWG was held on the morning of May 24th, 2023.  The joint session considered 2 papers related to GBAS VDB: WP 8 and WP 21.  Additional details on the discussions of these papers can be found in the CNTWG report for JWGs10.
WP 8 - GBAS/VDB compatibility with ILS/Localizer and VOR
This paper presents considerations on using the Airborne Contribution Factor as clarified in the Handbook on Radio Frequency Spectrum Requirements for Civil Aviation, Volume II (Doc. 9718) on frequency assignment planning for GBAS/VDB. The paper presents a number of cases where currently GBAS/VDB is used without using the ACF in the compatibility calculations and compares these with the effect of the ACF. It further highlights the actual VDB field strength that may be expected as one of the mitigating factors in frequency assignment planning.

The meeting was invited to take the material presented in his paper into account when providing further guidance for frequency assignment planning criteria for the GBAS/VDB.  The group agreed with the assertion that use of ACF should be optional in frequency assignment planning

The meeting was invited to consider the material on the same airport compatibility as material to be used by States when implementing GBAS/VDB facilities.  The group agreed in principle that the same airport compatibility material would be valuable for States and should be considered for inclusion in the Handbook.

For additional details on the discussion of this papers see the CNTWG report.

WP 21 - Proposed Changes to DOC 9718
NSP/7-WP/26, NSP/7-Flimsy09, and NSP/7-Flimsy30rev1 progressed draft changes proposed for DOC 9718 that could be included in an upcoming envisioned corrigendum. Subsequent follow-on proposals were developed by an ad-hoc group by correspondence following NSP/7 to accomplish the Spectrum Working Group action SWG16/02.  This working paper provides updates to the NSP/7 draft proposed changes to DOC 9718 regarding treatment of the GBAS Designated Operational Coverage (DOC) for the purpose of frequency assignment planning.

Further clarifications are proposed for DOC 9718 to encourage detailed coordination on the actual DOC used in published or planned procedures rather than a default or minimum DOC definition.  This is because there are different DOC definitions for GBAS precision approach service and the optional GBAS positioning service, and larger than minimum DOC could be used for those services.  

The meeting was invited to:
· Review and discuss the presented material
· find and agree on changes to the GBAS VDB specifications which can be accommodated in the envisioned corrigendum to ICAO Doc 9718, Vol. II.

The group discussed the timeline for preparation of the planned corrigendum of ICAO Doc 9718.  After some discussion it was agreed that GWG should have a final proposal for the material in WP 21 to be ready for the next meeting to be handed off to the SWG.  The development of the rest of the corrigendum would not be the responsibility of the GWG.

For additional details on the discussion of this papers see the CNTWG report.

Agenda Item 3.c Update of Doc 8071 Vol 2

A joint session of GWG and Conventional Navaids and Testing Working Group (CNTWG) was held on the morning of May 24th, 2023.  The joint session considered 2 papers related to Doc 8071: WP 7 and WP 23.  Additional details on the discussions of these papers can be found in the CNTWG report for NSP7.  Additional details on the discussions of these papers can be found in the CNTWG report for JWGs10.

WP 6 - Proposal for resolution of GBAS issues in DOC 8071 vol II
DOC  8071 Vol II has been in the process of being updated during the last few years. Several groups, such as ICASC, CNTWG and EUROCAE WG-28 have contributed. The appendix to this paper is a copy of NSP 7 WP 23 Rev 1 as it was stored on the ICAO portal post NSP 7, with some modifications relating to GBAS (chapter 4). 
NSP/7 WP 23 was presented to CNTWG and GWG during NSP 7 and discussed there. During NSP 7, flimsy 12 was presented and discussed proposing four modifications to WP 23 to go into DOC 8071 chapter 4. Three of the four modifications proposed in flimsy 12 were agreed. The fourth proposal, related to measurement of D/U, was not agreed. 
The meeting was invited to review the paper and consider whether the material is now mature enough for inclusion in DOC 8071 VOL II.
{Ed note: Need resolution}
For additional details on the discussion of this papers see the CNTWG report.
WP 14 - Updates of Doc8071, volume II related to GBAS (section 4.3)
NSP/7-WP/7 presented proposals on updates of Doc8071 Volume II and Annex 10 Volume I related to GBAS but not supported at the CNTWG/GWG meeting. This WP proposes some updates to the Service volume subsection of Section 4.3 in Doc8071 Volume II following discussion at NSP/7 and further correspondence.
The meeting was invited to discuss the proposed updates to the service volume subsection of section 4.3 and provide recommendations to JWGs/10 as appropriate.
{Ed Note: need resolution}
For additional details on the discussion of this papers see the CNTWG report.

Agenda Item 4.a DFMC Concept Paper
WP 20 – Draft DFMC GBAS Concept Paper
This paper presents a partial initial mark-up of the GBAS Concept Paper. The
idea is to start with the Concept Paper developed for GAST D development and
modify it to add any changes necessary to support Dual Frequency Multi-
Constellation (DFMC) GBAS. The resultant DFMC GBAS Concept Paper is
anticipated to play the same type of role in the development of DFMC GBAS
that the original Concept Paper played in the development of GAST D and the
Single Frequency GBAS to support CAT II/III.

The meeting was invited to:
1) Review the attached draft DFMC Concept Paper in detail
2) Note the progress in developing the update
3) Discuss the open issues identified in the review of the document
4) Identify other open issues to be addressed by the drafting ad-hoc group
5) Discuss a plan for further development of the Concept Paper. Specifically, a volunteer to be the leader/editor of the paper development going forward should, if possible, be identified.

The group did review the document, but not in great detail.  There was some discussion of the intent and use of the updated concept paper.  In general the group agreed revision of the paper was a useful and important tool which should be used in development of DFMC GBAS.

It was agreed in general that the update to the concept paper should be pursued.  A call was made for a focal/leader in the development of the paper.  As there was no immediate volunteers, a general action was given to the group to consider taking on this leadership role.

Agenda Item 4.b, DFMC Programs/Projects 

WP 9 - Validation of ionospheric anomaly monitor for DFMC GBAS with flight data
DFMC GBAS ionospheric anomaly monitor performance was evaluated by using ground and flight data obtained in the flight data collection campaign conducted in October 2022. Although the ionospheric disturbances during the campaign was not so high, the vertical position bound associated with ionospheric anomaly was generally smaller for the divergence-free smoothing with a time constant of 600 seconds than for the single-frequency carrier-smoothing with a time constant of 100 seconds. More detailed analysis is underway. Another flight data collection campaign is planned in October 2023.

The meeting was invited to consider the contents as supporting materials in designing a DFMC GBAS architecture; and to discuss any related matters and provide any feedbacks as appropriate.  The group agreed and logged the paper in the list of papers in the action matrix related to the IGM monitoring developments.
WP 26 - DFMC Data Link Load Estimate
This paper presents an update of the estimate of data link options as initially contained  in Appendix A of the DFMC GBAS concept paper. It concentrates on the changes proposed for the raw data transmission concept (GAST X, now GAST E) since the initial study in January 2022.

The paper includes details about the expected lengths of messages as well as uplink schedules.  Several scenarios are considered and datalink loading is analyzed for each.  The overall goal was to find a link scheduling that would allow a DFMC GBAS system to occupy only 4 slots while augmenting 4 constellations.  

The paper concludes that the single VDB scenarios with 4 slots and backwards compatibility with legacy receivers seem well feasible for transmission of data from four reference receivers, if a 4s update rate of the GAST E data is possible. With 2s update rate, several scenarios are plausible, but limit either the number of GAST E corrections or the update rate of the FAS data. A good compromise between backwards compatibility and extensibility to 3 constellation raw data DFMC GBAS is the schedule described in section 4.5 – necessitating a 3s update rate for MT23 however. Before any further work on the topic of VDB capacity is performed, a good estimate of the needed update rate for the GAST E corrections seems necessary, with the objective of validating at least a 3s extrapolation time. 

The analyses show, that the most constraining elements on VDB capacity are MT1, 11 and 50 which have to be sent in every frame. A longer extrapolation time would be very beneficial for VDB capacity.

The meeting was invited to:
1. Verify the tables in section 2 for consistency with any updates due to the DFMC SARPS state letter process and the evolution of the DFMC GBAS SARPS; 
2. Verify any change in the operational assumptions in section 3 with the evolution of the DFMC GBAS operational concept; 
3. Provide comments on the analyses in section 4 and the conclusions drawn from them and consider these in the validation of the DFMC GBAS SARPS, notably as regards backwards compatibility and the extrapolation time validation for MT23.

The paper stimulated much discussion.  A number of issues were logged as a result of the discussion (see WP 19 discussion).  In general the group though the results of this paper are encouraging but agreed that data link loading will need to be revisited as the proposal evolves.
WP 18 – DFMC GBAS Nominal Ionospheric Gradient Mitigation Results Using Ground Collected Dtata
To support standardization of DFMC GBAS, field data from the Indra Navia GBAS prototype at Oslo airport has been used to evaluate the nominal performance of the ionospheric gradient mitigation envisaged for DFMC GBAS. Consequences of using longer smoothing filter time constants have been investigated such as kickstarting airborne smoothing of ground measurements. Preliminary results show that the model used for the standard deviation of the iono monitor metric based on 600 s smoothed pseudoranges needs to be improved. It is currently too optimistic as it assumes converged smoothing filters. The use of longer time constants means that the smoothing filters will be in transient states more often. This may impact errors associated with other integrity threats as well.

The meeting was invited to note the information in the paper and take it into consideration in the further work on converging on a concept for DFMC GBAS.  The group agreed and logged the paper in the action matrix for the action associated with IGM monitoring.
IP 18 – Performance Evaluation of the Ionospheric Threat Mitigation Strategies in DFMC GBAS
This information paper compares the performance of two proposed DFMC GBAS service types, in terms of their mitigation of ionospheric threats.  Both GAST-F and GAST-X define detection thresholds for their airborne ionospheric monitors. Making that detection threshold adaptative improves the availability of both methods by reducing the number of excluded satellites from the position solution, at no penalty on integrity. Furthermore, the paper also evaluates the performance of the Ifree fall-back mode in terms of availability for single and dual constellation scenarios. The performance comparison leverages detailed simulations, as well as real-world measurements. The results show that GAST-X offers higher availability and continuity at the same integrity risk as GAST-F, at the expense of higher complexity in the airborne processing.

Agenda Item 4.c, DFMC SARPs Development 

WP – 19 
This paper presents a draft set of Annex 10 changes to introduce DFMC GBAS. This is a very early draft and significant work still remains to be done. The draft is being shared in order to support a review by the full GWG.

In addition, the paper presents some rationale used in the development of this first draft and identifies a number of open issues to be addressed as the development continues.

The meeting was invited to:
1. Review the attached draft SARPs change proposal
2. Note the progress of the drafting ad-hoc group
3. Discuss the open issues described above and provide guidance on the direction to be taken in resolving the issues.
4. Identify other open issues to be addressed by the drafting ad-hoc group.

The GWG spent the better part of a whole day doing a paragraph by paragraph review of WP 19.  During the discussion, as unresolved issues were identified they were logged in a matrix to be used by the SARPs drafting ad-hoc to organize their work.  In all 21 issues were logged.  At the next SARPs drafting ad-hoc group these issues will be prioritized and work assignments to resolve the issues will be made. 

The first pass at the updated SARPs was made assuming only 3 new approach service types would be added.  (See Figure 1 or WP 19).  Over the course of the discussion it was decided that two additional service types would be added to support single frequency operations on L1 without the use of legacy MT 1 and MT 11.  An updated version of Figure 1 was developed and reviewed by the group.  Flimsy 16 captures this updated figure showing the approach service types for DFMC GBAS.  

This proposed SARPs update suggests renaming the full DFMC GBAS service level as GAST E.  Then the single frequency Service types on L5 would be GAST C2 and GAST D2 as analogues to GAST C and D on L1.  In addition at this meeting it was decided that single frequency services GAST C1 and D1 would be introduced to implement GAST C and D analogues on L1 without use of MT 1 and MT 11.  The current draft doesn’t include these types and some work is needed to add the appropriate requirements.

In this draft SARPs revision, GRAS has been removed.

The group did not get through the entire draft SARPs change proposal, but the detailed review was effective at uncovering open issues and get group consensus on the way forward.

[bookmark: _Ref55201747][bookmark: _Ref55372686] GWG Work Plan

GWG General Work Plan
The following major items were identified over the last few meetings and these still represent the focus of the GWG:
· GBAS SARPS Maintenance (including VHF compatibility requirements and guidance)
· Impact to Other Annexes 
· ICAO Doc 8071 update for GBAS
· Updates to the GNSS Manual (Doc 9849) Essentially done for this round
· Development of a GBAS Manual
· Dual Frequency – Multi-Constellation GBAS 
· Including support for maintenance of the DFMC ConOps  
· Develop (or expand the current) concept paper for DFMC GBAS as an initial step towards development of SARPs.
· Development of SARPs (SARPs drafting ad-hoc).
Review of the action matrix
The GWG reviewed the action matrix (Attachment C).  One action was closed (AI 241).  Two additional actions were opened, Actions 251 and 252 in Attachment C.
DFMC Work Plan
As a result of the discussion supported by WP 19 and WP 20 (and the other papers associated with agenda items 4.a and 4.b, the GWG agreed that the small SARPs drafting group would continue writing SARPs for DFMC GBAS.  There is general consensus that a merged architecture is emerging which takes the best features of both the “send corrections” and “send measurements” paradigms.  Action item 249 tasking the DFMC SARPs Drafting Group will remain a major thrust.  The goal for this group remains to complete (and technically validate) the SARPs piece of the BDS by the end of 2024.  This drafting group will need to work closely with RTCA SC-19 WG 4 and EUROCAE WG 28 as they develop the MOPS part of the baseline development standards.  As the drafting group works, they will note what changes are required for DFMC vs only SFMC SARPs changes.  A decision as to whether a SFMC SARPs standard should be produced first will be made as the work progresses.

Table 1 gives the currently accepted schedule for the development of DFMC GBAS.   However, per the discussion of JWG 9/WP 16, GWG has deferred a decision with respect to producing a GAST D+ standard.  The subject may be reconsidered in 2024 if DFMC GBAS is significantly delayed and industry conditions have changed to make GAST D+ development more beneficial.

[bookmark: _Ref55791267]Table 1  Timeline for DFMC GBAS Development
	2021
	Collect requirements from additional operational use cases, evaluate possible concepts against them

	Q4 2024
	A high-level concept (similar to the level of detail currently proposed by SESAR, with all options selected) agreed in ICAO and RTCA/EUROCAE

	Q4 2024
	A detailed concept paper agreed in ICAO and RTCA, similar level of detail as the 2009 GAST D concept paper
GWG drafting group to start an update package to ICAO SARPs 
RTCA/EUROCAE to start drafting airborne and ground MOPS

	Q4 2024
	A baseline airborne MOPS
· Supporting prototype airborne implementations for validation
A baseline development SARPs for DFMC GBAS – with technical validation complete
· Supporting prototype ground implementations for validation

	2030*
	Operationally Validated SARPs Proposal Ready for proposal to NSP


* - There is no agreement across all stakeholders on the delivery date for validated DFMC GBAS SARPs.

Going forward, GWG will continue to meet frequently virtually to progress the development to the extent possible given the constraints on industry.  In particular, the ad-hoc group tasked with SARPs drafting (action 2499) is expected to work intensively over the next several months to have an updated DFMC SARPs draft proposal by the next meeting.  They will meet with a cadence of once every two weeks.  The GBAS Manual ad-hoc group will meet with a cadence of once per month.  The IGM ad-hoc group will meet with a cadence of once per month.
Future Work Plan – Other Tasks
The GWG discussed the future work.  The work of the group will continue to focus on maintenance of the SARPS, changes required in other documents to enable implementations (e.g. Doc 8071 updates) and development of Dual Frequency/Multi-Constellation GBAS standards.  The CNTWG intends to wrap up the Doc 8071 updates this year and GWG will strive to support that goal.
  
GBAS SARPS Maintenance: GWG will continue to maintain a compilation of maintenance changes and associated validation material in anticipation of the next opportunity for submitting a SARPS change proposal.  Such maintenance changes are anticipated to arise as operational experience from fielding GBAS applications grow.  

GWG will remove GRAS SARPs from Annex 10 as part of the DFMC GBAS change proposal.

IGM AdHoc Group:   The IGM Ad-hoc plans to continue support of the SARPs relative to GBAS operations in iono active low latitude regions as follows:
1. Develop guidance material associated with application of GBAS in low latitude regions to minimize the impact on continuity and availability.
1. Consider maintenance changes to the SARPs that could improve low latitude operations of GBAS.
1. Consider iono gradient monitoring techniques applicable to airborne monitoring with DFMC capability
1. Consider impacts of ionospheric scintillation on GBAS availability and performance.
If you are interested in participating in this Ad-hoc please contact Tim Murphy at Tim.Murphy@boeing.com.

Doc 8071 update for GBAS:  Great progress has been made by EUROCAE WG 28 to develop changes to Doc 8071 to support GBAS.  A joint meeting with CNTWG to review this material was held as part of NSP 7.  Some work remains to be done, however, CNTWG expects to close the issues and publish the Doc 8071 update this year.

GBAS Manual Development: The drafting group working on Actions 238 and 241, (Development of a GBAS Manual) will also ramp up activities in 2023, meeting virtually. GWG members have been reminded of contributions needed to close action 241.  A call has been made for volunteers to help assemble/draft specific sections of the GBAS manual.

	 Summary and Conclusions
This was a successful meeting of GWG.  The work of GWG over the last year has been relatively brisk with significant conceptual developments accomplished in the development of a merged architecture taking the best ideas from the send measurements and send corrections paradigms.  The focus of GWG continues to intensify on the development of future dual-frequency/multi-constellation GBAS.  However, there is significant work still to be done to support GBAS deployment (GAST C and D) around the world such as updates to Doc 8071 Vol II, and of course, maintenance of our existing standards and guidance in Annex 10.  In addition, GWG has added a major task to the work program, i.e., the creation of a GBAS manual.
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Proposed Agenda
1)   Misc GWG Business
a) Agenda review
b) Status of GBAS (IP 2, IP10, IP 13, IP 19) 
c) Coordination with other panels and groups on GBAS (IP 12, IP 16)
d) GNSS/GBAS Manual (WP 27)
2) GBAS SARPS Maintenance
a) VDB Related Issues (WP 8, WP 21)
b) New Maintenance Issues ()
c) GNSS Interference and Spoofing ()
d) Ionosphere Issues ()
e) GBAS Expanded Service Volume ()
f) Tropospheric Issues ()
g) Multipath Modeling and Validation ()
3) GAST C & D Developments
a) Reports on programs/open issues 
	b) MOPS Update Status ( )
	c) Update of Doc 8071 Vol 2 (WP 6, WP 14)
d) GAST D Implementation Issues ()
4) 	Dual Frequency Multi-constellation GBAS
	a) DFMC Conops/Concept Paper (20)
	b) DFMC Programs/Projects and Validation Material (WP 9, WP 26, IP 18, WP 18)
	c) DFMC SARPS development (WP 19)
5)   Work Plan
      a) Review of actions
      b) Plan for inputs to Next Meeting 
      c) Discuss next steps for this group 
      	d) Establish schedule for work prior to Next Meeting




Attachment B - LIST OF WORKING PAPERS for GWG Meeting – JWGs/10 
[bookmark: _Ref388864344]Working papers
	[bookmark: _Hlk100021781]WP No.
	Agenda Item
	Subject
	Presented by

	6
	3.c
	Resolution of Outstanding GBAS Material in DOC 8071
	Ana Bodero & Morten Grandt

	8
	2.a
	GBAS/VDB Compatibility with ILS/Localizer and VOR
	Secretary

	9
	4.b
	Results of DFMC GBAS Flight Testing
	Makoto Fukuda

	14
	3.6
	Update of Doc8071, Volume II Related to GBAS (section 4.3)
	Vladimir Korchagin

	18
	4.b
	DFMC GBAS Nominal Ionospheric Gradient Mitigation Results Using Ground Collected Field Data. 
	Tim Murphy

	19
	4.c
	Draft DFMC GBAS Annex 10 Changes 
	Tim Murphy

	20
	4.a
	Draft DFMC Concept Paper
	Tim Murphy

	21
	2.a
	Proposed Changes to DOC 9718
	Tim Murphy

	27
	1.d
	Current Plan for the GBAS Manual
	Gary Berz

	26
	4.b
	DFMC GBAS Data Link Load Estimate
	Gary Berz

	
	
	
	



	
Information Papers
	[bookmark: OLE_LINK3]IP No.
	Agenda Item
	Subject
	Presented by

	2
	1.b
	Australian GBAS Experience
	Australia

	10
	1.b
	Status of GBAS in Japan
	Makoto Fukuda

	12
	1.c
	Invitation to the 22nd meeting of the International GBAS Working Group
	Ken Alexander
Gary Berz

	13
	1.b
	EUROCONTROL GBAS Status
	Gary Berz

	16
	1.c
	RTCA SC-159 WG 4 Status
	Tim Murphy

	18
	4.b
	Iono Threat Mitigation in DFMC GBAS
	Joint Germany/ Eurocontol

	19
	1.b
	GBAS installation at San Francisco International Airport (SFO) and Future Plans
	Ken Alexander

	
	
	
	





	


		Flimsies
	Flimsy No.
	Agenda Item
	Subject
	Presented by

	1
	1
	GBAS Working Group Agenda and Supporting Material (This Flimsy)
	T. Murphy

	16
	4.c
	Revision of Approach Service Types Figure
	T. Murphy
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[bookmark: _Ref70564863]Attachment C Action Item List at the output of the Virtual GWG Meeting Jan 13th 2023


	Number
	Action
	Volunteer
	Due By
	Status

	85
	Develop a concept paper addressing future multi-constellation, multi-frequency GBAS.  Define a hypothetical architecture and assess the viability of that architecture to be supported by a single frequency given the impact of MT 11 and the current GBAS change proposal for GAST D.  Also consider the extensibility of the classification scheme and requirements methodology.

Ad hoc expanded scope to include architectures, expanded concepts and potential services for DFMC GBAS.  (in response to JWGs4 WP 35)

Ad hoc expanded to consider plan for 2 step approach (i.e. MC GAST D first followed by second update for full DFMC) (in response to JWGs/8 WP 40)

Closed at NSP – New action XXX SARPs drafting group to continue definition of architecture concurrent with drafting of SARPs and ConOps
	Andreas Lipp and Matt Harris SESAR Team (Tim Murphy and ICCAIA to support).
	Oct 2008 meeting
May 2010
	Opened Mar 2008 meeting.
CSG 07/08 WP 9 and IP 2.
CSG 03/09 WP 31
CSG 05/2014 IP 15
CSG 09/2014 IP 8
NSP/2 IP 11
NSP/3 WP 13 and IP 14
JWGs 3 WP 27 and IP 23
NSP5 WP 41
JWGs4 WP 35
NSP 6 IP 17
NSP 6 WP 17
JWGs/7 WP 9 
JWGs/7 WP 12,
JWGs/7 WP 13 
JWGs/7 WP 14
JWGs/8 WP 34
JWGs/8 WP 35
JWGs/8 IP 1
JWGs/8 WP 39
JWGs/8 WP 40
JWGs 9 WP 16 
JWGs 9 IP 18 
JWGs 9 IP 17
JWGs 9 IP 13
JWGs 9 IP 21
NSP7/WP 25
NSP7/WP 31
NSP7/WP 38
NSP7/WP 35
Closed NSP 7: 1/12/2023

	177
	Ad-hoc group to develop SARPS proposal for separation criteria for GBAS VDB versus VHF COM as well as GBAS VDB versus ILS based on SeptOct2014_wg1_AND_wg2_Flimsy10.
Review and modify separation criteria in Attachment D, section 7.2.1.3, 7.2.1.4, 7.2.1.5 and 7.2.1.6 as necessary.
	Pierre Ladoux – Felix Butsch.
	Validated proposal by April 2018 meeting. April 2015 Meeting
	Opened Oct. 2014
SeptOct2014_wg1_AND_wg2_WP6
SeptOct2014_wg1_AND_wg2_Flimsy10
Feb15_CSG_WP19
NSP/2 WP 6
NSP/2 WP 10
NSP/2 WP 8
NSP/2 WP 17
NSP/3 WP 16, WP 11, IP 25, IP 22 and IP 21
JWGs2:WP 11, WP 12, WP 13, WP 19, IP 14, and IP 27
NSP4 WP 28, WP 15, WP 16, WP 17, IP 11, WP 2, IP 9 flimsy 5.
JWGs3 WP 4, WP 5, WP 6, WP 18 WP 21, WP 22, WP 28 and IP 8
JWGs4 WP 6, WP 25
JWGs5 WP 24
JWGs/7 IP 3
Closed: JWGs7 IP3

	205
	Propose text for SARPs (or GM) which explains that sensitive areas are not required for GBAS operation provided that the siting of the ground station was done properly.  NSP/3 action revised to: Develop considerations for protection of areas around GNSS reference receivers, VDB antennas and aircraft.

4/28/2021 – On the work plan for ED-114, but no recent progress.  Change 1 to ED-114B by summer 2022.
1/12/2023 – Material to be included in the GBAS Manual development  See Action 
	Mike Spanner; with Matt Harris, Jason Burns, Winfried Dunkel, Stefan Naerlich, Pierre Ladoux, Laurent Azoulai, Bruce Johnson,  Gary Berz

	End July 2016
In time to support Mature input by end of 2018 for 2020 SARPS cycle Fall of 2019
	Opened: 3 Jun 2016
JWG 1 IP 10
GWG_Aug16 IP 7
NSP/3 IP 5
JWGs2 – WP20 (Not discussed, deferred to the next meeting).
NSP4 WP 33
NSP7 IP 15
Closed NSP7 1/12/2023 (based on NSP7/IP 15)

	216
	GWG members to contribute to the development of a specification to be included into ICAO Doc 8071, Vol. II, how to evaluate field strength measurement results.
4/28/2021 – ongoing task in WG 28.  Material may be available 4Q21  - 11/17/2021 – Planning for a paper at the next meeting.
	Winfried Dunkel & Matt Harris – VDB Ad-hoc group
	April 2019 GWG meeting  - Next meeting – final target is Doc 8071 completion
	Opened NSP4 WP 6
NSP 5 IP 34
JWGs IP 4 and IP 26
NSP7 WP 23
NSP7 Flimsy 6
NSP7 Flimsy 12
NSP7 IP 15
JWGs10 WP 14

	223
	Prepare GBAS related material for the Doc 8071 Vol II update (chapter 4).
	Ad-hoc.  Led by Mike Spanner.  
Linda Lavik and Winfried Dunkel
Membership:, Bruce Johnson, Winfried Dunkel, Susumu Saito,
Matt Harris,
Barbara Clark,
	Outline and plan/schedule in a paper for NSP 5
	Previous action 146 History:
NSP_may11_wgw_WP_14
May14_wgw_14
SepOct2014_wg1_AND_wg2_WP3
SepOct2014_wg1_AND_wg2_Flimsy_2
SepOct2014_wg1_AND_wg2_WP5
JWGs2_WP_11
NSP4 WP 6
Opened JWGs 3 WP 2
JWGs4 WP 14,
JWGs5 WP 48
CNTWG/2 Flimsy 1
JWGs/7 WP 3
JWGs/7 WP 15
JWGs/8 WP 14 Rev 1
NSP7 WP 7, 
NSP7 WP 23
NSP7 Flimsy 6
NSP7 Flimsy 12
NSP7 IP 15
JWGs10 WP 6
JWGs10 Flimsy 4

	231
	Develop guidance material on GBAS/VDB siting and same-airport compatibility with other VHF-navigation aids for inclusion into ICAO Annex 10, Vol. I Attachment D => GWG/SWG.
	GWG/SWG Joint Effort
	JWGs 5  (in time for the Frequency Management Handbook next year).
	Opened: JWGs4 WP 25
JWGs5 WP 24
JWGs/7 WP 16
JWGs/7 WP 20
JWGs/7 WP 21
Closed: JWGs/7 WP 16  -  See Action 238 for follow on work.

	232
	Ad-hoc activity to explore expanded concepts and potential services for DFMC GBAS.
	Led by Matt Harris and Andreas Lipp
	NSP/6 (or 4Q 2020)
	Opened: JWGs4 WP 35
Closed 11/17/2021
See Action Item 85 with expanded scope


	234
	Continue development of SARPs requirements to support Eig>2.75 at remote runways or in equatorial regions
· Perform sensitivity study to look at continuity and availability as a function of Eig, Ev, El, etc.
· Build some hypothetical scenarios and quantify the benefit of allowing Eig>2.75 
	Linda Lavik & IGM AdHoc
	4Q 2020
	Opened: 
JWGs4 WP 19
JWGs5 WP 42 & WP 50.
NSP: WP 8 & 9
NSP 6: Flimsy 26 – proposal
Closed: 10/14/2021

	235
	Review GBAS AIS information in WP 2 and provide feedback to Gary Berz.
NSP 7 – Take JWGs WP 2 as input to the drafting group (Action 249)
Comments from ENAIRE to  be given directly to  Gary Berz.
	All GWG members
	A reasonable time before the next meeting
	Opened: JWGs5 WP 2

Closed NSP7 – Follow on action in 249.

	236
	Read and Comment on JWGs7/ WP 19.  Comments directly back to Andreas Lipp
	All GWG members
	By the end of May 2021
	Opened: JWGs/7 WP 19
Closed 11/17/2021 based on
JWGs8 WP 34


	237
	Updates to the GNSS Manual.  GWG expertise is needed.  Section 4.4 needs to be revised to cover GAST D.
	Jason Burns,  Tim Murphy, Matt Harris, Susumu Saito, Nuria Blanco Mark Dickinson
	JWGs/8
	Opened: 4/2021 
JWGs/7 IP 1
JWGs/8 WP 27
Flimsy XX (WP 27 as edited by GWG)
JWGs 9 Flimsy 7
Proposed closing

	238
	Ad hoc Group to consider a GBAS Manual.  Draft an outline & identify potential existing material to be included (from annex 10 guidance, existing GNSS manual or new material (i.e. JWGs/7 WP 6, JWGs/7 WP 19, JWGs/7 WP 17, JWGs7 WP 16 Revision 1)

Expanded action from JWGs/8 meeting:
- Coordinate with GNSS Manual ad-hoc currently led by Jason Burns
- Coordinate with VWG on proposed removal of guidance in Annex 10

NSP 7 – Include material from Action 205 in the manual.
Scope of the first version is to be GAST C and D – target is Q4 2025.  Follow on version to capture DFMC addtions.
	Andreas Lipp, Winfried Dunkel, Oliver Reitenbach, Susumu, Jason Burns, Alessandro, Mark D.,
Tim Murphy
	JWGs/8
Schedule TBD
	Opened: JWGs/7 WP 6
JWGs/7 WP 19
JWGs/7 WP 17 
JWGs7 WP 16 Revision 1
JWGs/8 WP 13
JWGs/8 WP 11
JWGs/8 flimsy 13
JWGs/8 WP 22
NSP7 IP 15
NSP 7 WP 29
JWGs10 WP 27

	239
	IGM ad-hoc to develop a long form version of JWGs/7 WP 17 in the form of a chapter on Iono Threat Modeling that will eventually be included somewhere (ICAO Annex 10, the GBAS Manual or ?)
	IGM ad-hoc group
	JWGs/8
	Opened: JWGs/7 WP 17
JWGs/8 WP 26
NSP7 IP16

	240
	Develop additional guidance material on tropo-refractivity and its uncertainty.

Related to Action 238

JWGs/8 WP 22 addresses but still open for validation.  (Linda Lavik will try the tropo methodology as a part of the validation.)

Need to Produce a Validation matrix

Next meeting - pull this paper and the previous paper into one package with some consideration of what should go in annex 10 vs. what will go into the new manual.

	Susumu Saito,
Takayuki Yoshihara,
	JWGs/8
	Opened: JWGs/7 WP 6
JWGs/8 WP 22 
JWGs 9 WP 25
JWGs 9 Flimsy 9
Closed: JWGs/9  Flimsy 9

	241
	All members of GWG are to review WP 13 GBAS Manual outline and have comments by the next meeting - Also address the desired timeline for availability of a manual.
	All GWG members
	Next meeting
	Opened JWGs/8 WP 13
Closed: 5/25/2023 – Based on JWGs10 WP 27 an reviews of the outline on 2 occasions.

	242
	Action to all GWG members to review the paper and provide comments regarding the sufficiency of the proposed Guidance.  IGM Ad-hoc will take on-board the results at the next NSP meeting.
	All GWG members
	Next meeting
	Opened JWGs/8 WP 26
Closed NSP 7 – OBE action 239 to put guidance in the GBAS manual.  

	243
	A new action was given to the author of the paper to pull this paper and the previous paper with some consideration of what should go in annex 10 vs what will go into the new manual 
	Takayuki Yoshihara and Susumu Saito
	Next Meeting
	Opened JWGs/8 WP 22

Closed: NSP 7 WP 29

	244
	Review ICAO Doc 9718 and provide comments/corrections for corrigendum.
· Consider the inclusion of the 3D coverage diagram

	All GWG Members
	4Q 2022
	Opened JWGs/9 – Joint SWG/GWG discussion
Closed: NSP7 WP 26

	245
	Notify GWG and SWG mailing lists when EUROCAE ED-114B Change 1 is out for open consultation
	Linda Lavic
	When EUROCAE ED-114B Change 1 is out for open consultation 
	Opened JWGs/9 – Joint SWG/GWG discussion
Closed: OBE  Document is issued

	246
	Provide comments to the proposal in section 3 of WP 17.  Provide to Andreas in preparation for FLTOPSP (for inclusion in PAN-OPS Vol 3)
	All GWG Members
	5th of Sept
	Opened JWGs/9 – WP 17
Closed NSP 7 - OBE

	247
	Consider adaptations for DUFMAN model to support DFMC GBAS
	Joel Wichgers lead,  ad hoc
Tim Murphy, Matt Harris,
David Duchet,
Susumu Saito
	NSP/7
	Opened JWGs/9 – IP 3

	248
	Develop a section for the GNSS manual on GBAS Approach operations 
	Tomo – lead
Mark Dickinson
Tim Murphy
Andreas (before next Tues)
Luisa Cavero
	Friday July 8th
	Opened JWGs/9 - Flimsy 7
Closed:  Completed by correspondence during JWGs/9 – contents included in GNSS manual draft.

	249
	DFMC SARPs Drafting Group – 
· Group is tasked with :
· Development of a ConOps
· Drafting of Annex 10 Changes
· Identify changes for DFMC vs SFMC
· Identify necessary validation activities
· Must coordinate with SC-19 WG 4/Eurocae WG 28 to align MOPs changes

	Lead: Tim Murphy
Members:
Linda Lavik
Phillipe Estival 
Aurelien Merle
Bruce Johnson
Susumu Saito
Matt Harris
Andreas Lipp
Luisa Cavero
Natalia Castrillo
Kun Fang
	SARPs piece of BDS by end of 2024.
	JWGs5 WP 2
JWGs9 IP 18
JWGs10 WP 19
JWGs10 WP 20

	250
	Action for a small group to propose changes to DOC 9718, Vol II, Section 6.2.1.2.1 and 6.2.1.2.2 regarding frequency planning for minimum and extended DOCs
	Matt Harris
Mark Dickinson
Bruce Johnson
Linda Lavik
Louisa Cavero
Robert W.
Oliver Reitenbach

	
	Opened: 1/12/2023
NSP7 WP 26
JWGs10 WP 8
JWGs10 WP 21

	251
	GWG Members to consider taking on the job of editor for the DFMC GBAS Concept Paper
	All GWG members particularly the author’s ad-hoc group
	By the next SARPs Drafting ad-hoc group
	Opened: 5/26/2023
JWGs10 WP 20

	252
	GWG Members to consider taking on the job of editor for sections of the GBAS Manual.
	All GWG members 
	By the next GBAS Manual ad hoc group meeting (6/21/2023)
	Opened: 5/26/2023
JWGs10 WP 27
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