
Attachment 2 - 34


[image: ]JWGs/12 - Flimsy 18Navigation System Panel (NSP) – JWGs/12
Draft Report of the Status of the GBAS WG (GWG)
13th  – 17th May 2024

 	General

The GBAS Working Group (GWG) met in a hybrid meeting from Mar 13th  – May 16th, 2024.  A joint GWG/SWG/CNTWG session was held on May 16th, 2024.  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 8 working papers and_7_information papers.  During the meeting the group reviewed the action items list (see Attachment C) and discussed the future work program (see Section 13.0).  Finally the DFMC GBAS Issues list as it was at the end of the meeting is included here as Attachment D.

Status of GBAS – Agenda Item 1b.

The meeting began with the customary 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 10 – Ground Based Augmentation System (GBAS) Status Update and Operational Experiences in Australia

This paper presents an update on Australia’s GBAS status, information on in-service observations since the last meeting and an update on the number of GLS capable aircraft operating into Australian airports.

Operational Experiences: Australia continues to experience incidences of a reduction in GLS Service Availability due the prevailing Global Positioning System (GPS) satellite constellation in combination with the use of the Conterminous United States (CONUS) Ionosphere Threat Model. Furthermore, Australia continues to experience incidences of lightning induced damage to the GBAS equipment. These two factors have the largest impact on the availability of the GBAS in Australia, however, the GLS Service Availability requirements have continued to be met. Australia is exploring options to implement an Australian specific Ionosphere Threat Model to enhance GBAS Availability and options to reduce the impact of lightning strikes.

Survey Considerations:  In Australia, Precision Navigation Aids are nominally re-surveyed once every 12 years. This is primarily to ensure that the coordinates for these facilities are within one metre of WGS-84 as stipulated in the World Geodetic System – 1984 (WGS-84) manual (note Australia is moving in a North-East direction at approximately 7 cm per year and hence the 12-year periodicity for re-surveying facilitating provides assurance the coordinates are within one metre of WGS-84).  The Reference Receivers and FAS data used in the GBAS however are referenced to a local survey datum. Within the local area, pseudo-range corrections from the GBAS ground station will compensate for differences between the GPS reference (WGS-84) and the local survey datum. Therefore, for GBAS, the critical factor is to ensure that the Reference Receivers and FAS data are all in the same datum and at the same epoch. In collaboration with Honeywell, criteria are being considered in Australia to provide guidance on when the coordinates within the GBAS ground station should be updated (note these are specific to the Honeywell SLS-4000 GBAS ground station and derived based on the relative survey accuracy requirements for this system)

Updated Fleet Equipage:  An analysis of Field 10A (Communications and Navigation Equipment) of Flight Plan data for Sydney and Melbourne was performed to identify the number of GLS capable aircraft flying into these locations. An operator will annotate Field 10A with "A" to indicate GLS capability.

For the calendar year 2023, 37% of Sydney arrivals (73,310) and 44% of Melbourne arrivals (62,259) indicated GLS capability in their Flight Plan which is consistent with equipage rates observed in 2022. Figure 1 and Figure 2 depicts the increase in GLS capable aircraft arriving at these aerodromes.

The increase in GLS capable aircraft is primarily attributed to an increase in the number of domestically registered 737 aircraft and internationally registered A320, A350 and 787 aircraft arriving at these locations.
IP 18 - Status of GBAS Activities in China
IP 18 summarizes the status of the GBAS activities in China. Four airports have installed two types GBAS ground stations. One type has obtained airworthiness certification from the Civil Aviation Administration of China (CAAC). Another type is in the process of obtaining certification and has completed the commercial aircraft flight verification. These two types of GBAS ground stations were tested and shown to have high accuracy.

In 2015, the LGF-1A GBAS ground station was installed at Tianjin Binhai International Airport for long-term testing. In 2019, two CAT-I GLS flight tests were conducted using Airbus A320/A319 aircraft. The first test took place in April 2019, including four GLS approach tests, while the second test occurred in July 2019, including eight GLS approach tests. The results of the long-term testing and flight tests met the CAT-I approach criteria requirements of ICAO and the Civil Aviation Administration of China (CAAC). The LGF-1A GBAS ground station has obtained airworthiness certification from the CAAC.

In 2023, the LGF-1A GBAS ground station was installed at the Gongga International Airport in Lhasa. The ground station is collecting data as planned and there are plans to conduct flight inspections and trial operations in 2024.  Based on the LGF-1A, a portable GAST-D equipment was developed by the China Electronics Technology Group Corporation (CETC). In May and September of 2021, four CAT-III GLS flight tests were carried out using inspection aircraft at Tianjin Binhai International Airport. During the testing period, no integrity risks occurred, and the GLS approach guidance accuracy met the requirements for ICAO Category III operations.   Ionospheric monitoring stations were established in Guangzhou, Shenzhen, and Lhasa in China to assess the influence of ionospheric anomalies on the operation of GBAS.

 In August 2019, three monitoring stations were installed around Guangzhou Airport, followed by three monitoring stations around Shenzhen Airport in November 2019. In October 2023, three monitoring stations were installed around Lhasa Airport. The monitoring results from these stations were utilized for ionospheric monitoring analysis, including ionospheric gradient and ionospheric scintillation characteristic analysis.

In 2022, the TDG-GLS-100 GBAS ground station was installed at Zhoushan Putuoshan Airport, which supports CAT-I operation. Multiple interference monitoring and ionospheric monitoring stations were installed around the airport. From December 2022 to October 2023, on-site operational performance tests were conducted, and there were no continuity or integrity risks.

In June and September 2023, two CAT-I GLS flight tests were conducted on the TDG-GLS-100 GBAS ground station, using an inspection aircraft at Zhoushan Putuoshan Airport.  In December 2023, a Boeing 737-800 aircraft was used to conduct five CAT-I GLS approach tests on the TDG-GLS-100 type GBAS ground station. The tests were conducted at Zhoushan Putuoshan Airport and the results met the CAT-I approach indicators requirements of ICAO and CAAC. This type of GBAS ground station is currently in the process of obtaining a license for the use of GBAS equipment in CAAC. 

IP 21 - Status of GBAS Activities in Germany
ICAO Doc 9750 (Global Air Navigation Plan 2016-2030) addresses the need for PBN and GLS (CAT II/III) procedures to enhance the reliability and predictability of approaches.  This paper summarizes the status of the existing GAST C ground infrastructure in Germany and points out specific problems to be solved for the start of first GAST D implementations.

GAST C Implementations.  Since 2012, German ANSP DFS operated a Honeywell SLS-4000 ground subsystems in Block II configuration to provide GAST C services at Bremen Airport. Since 2014 a second ground subsystem is in operation providing GLS services with Cat II minima for all approach runway directions at Frankfurt Airport (CAT II on GAST C).  As the number of airspace users making use of published GLS approach procedures at Bremen continued to decline over recent years, finally no further operational value of the GAST C ground subsystem at Bremen Airport could be identified. Thus, DFS decided to cancel all GLS procedures at Bremen Airport to be able to take subsystem out of operation. Finally, GLS services were cancelled by AIRAC 21 MAR 2024.  The Honeywell SLS-4000 GAST C ground subsystem hardware will remain at Bremen airport for training purposes.

GAST D Implementation.  In last quarter 2023 DFS, in co-operation with partners from various European and worldwide organisations, tried to draft a proposal for a European Call providing public funding for the installation of ground and airborne GAST D systems including GLS Cat II services for GAST C equipped aircraft. Unfortunately, after intensive discussions between the organisations, the group realized that it was not possible to prepare a project proposal fully compliant with the project requirements. Notably the envisaged number of six GAST D stations could not be achieved.

The involved organisations described the inability to present a compliant proposal in a joint letter to European Commission:
· The reasons from ANSP and Airport Operator perspective were: The project call requirements specified that a ground subsystem supplier could not join the project as a partner, and at the same time be subcontracted by an ANSP and/or airport operator, occurred as a problem since the installation and certification effort cannot be separated and neither the ANSPs/airport operators nor the ground subsystem suppliers were able to take the remaining costs for both efforts on their own. The involved ANSP and Airport Operator organisations stated that there is a continuous and significant stakeholder interest to support and implement GBAS CAT III capability. Unfortunately, the existing ‘chicken and egg situation’ could not be unlocked by this initiative. One of the biggest difficulties is the continuously growing, but still rather low GBAS equipage rate on the existing ECAC fleet and the expected long transition time.
· The involved airlines pointed out that from their point of view GBAS is the only foreseen system able to improve landing capabilities in All-Weather Operations replacing the ILS CAT II/III technology, and provide significant environmental benefits in this matter, in line with CO2 reduction objectives. Unfortunately, only one avionic platform supporting GAST D could have been expected by the end of the project timeframe. This situation limited the ability of airlines to support the solution of the blocking ‘chicken and egg situation’.
· All involved organisations confirmed their strong support of early adoption of GBAS technologies enabling CAT II/III approaches.

DFS continues to support initiatives to discuss with partners worldwide possibilities to start early GAST D implementation activities.
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 desiring to give a status report.
Status of GBAS in Norway
Linda Lavik reported on the status of GBAS in Norway. The SCAT I (Special Category I) chain of stations is still operating on 17 small airports in Norway, providing benefits to the airline which is using it. Norway does not seem to be significantly impacted by the increase in GNSS interference that other locations in Europe are facing. There are interference episodes, as there also used to be before, but it is not seen at the scale being seen other places.  
 
Status of GBAS in Spain
Pilar Gomez Rodriguez gave an oral report on the status of GBAS in Spain.  Regarding the GBAS CAT I station in Málaga Airport, at the moment approach procedures are published for RWYs 12 and 13. It is expected that GLS approaches for RWY 30 and 31 will be available by 2025.

EDGAR (EGNSS DFMC for GBAS bAsed opeRations) project, which focuses on DFMC GBAS was officially kicked-off in January. The project is co-funded by the European Commission and is led by ENAIRE. It is currently focusing on outlining at a deeper level all the research and validation activities as well as the requirements definition, that will be aligned with the work done around the DFMC SARPS drafting in the ICAO GWG ad-hoc group. The experimental GBAS CAT III system installed in Tenerife Norte Airport under SESAR will be used in EDGAR for validation purposes.
GBAS Status in the US
Joe Gillespie gave an oral report on the status of GBAS in the US.  

The FAA continues to allow the non-federal installation and operation of Ground Based Augmentation Systems (GBAS) at U.S. CONUS locations to support CAT-I instrument approach procedures. These facilities are funded by non-federal sponsors such as airport authorities. The only FAA-approved GBAS is the Honeywell SLS-4000 GAST C system. The FAA currently has no active non-Federal GAST-D system design approval projects.

Current operational sites are located at Newark Liberty Int’l Airport (EWR), George Bush Intercontinental/Houston Airport (IAH), San Francisco Int’l Airport (SFO), and Grant County Int’l Airport (MWH). Sites are planned at LaGuardia Int’l Airport (LGA), John F. Kennedy Int’l Airport (JFK), and Minneapolis-St. Paul Int’l Airport (MSP). Detroit Metropolitan Wayne County Int’l Airport (DTW) is in active discussions with airport stakeholders, the GBAS manufacturer, and the FAA to determine whether they will move forward with a procurement.

The FAA is decommissioning its existing GBAS Ground Based Performance Monitors (GBPMs) from EWR, IAH, and MWH. These legacy standalone monitoring systems were initially installed by the FAA to gather data from initial operational GBAS sites. The existing website at laas.tc.faa.gov will continue to operate as a repository for publicly available GBAS information and documentation but will no longer provide updated real-time GBAS performance data. Historical data for research and development purposes may be available upon request.

The FAA has continued to conduct Ionospheric vigilance activities to ensure that the current mid-latitude CONUS GBAS threat model remains up to date. 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 CONUS threat model have been identified.

The FAA will continue to support the ICAO NSP GWG and RTCA SC-159 WG4 in a support role. No resources are planned to actively contribute to the development and validation of GAST E standards. The FAA is continuing to co-chair the International GBAS Working Group with EUROCONTROL, with the next meeting to be hosted by Fraport & DFS in Frankfurt, Germany on June 4-7, 2024. Please reach out to Shelly Beauchamp (FAA) or Andreas Lipp (EUROCONTROL) for additional information if needed.
Status of GBAS in France


Status of GBAS in Eurocontrol
Andreas Lipp delivered and oral report on status of the GBAS work within EUROCONTROL:

The EUROCONTROL Nav team is currently maintaining PEGASUS for GAST C, D and improving it for GAST E, maintaining the European iono threat model (GIMA), supporting the DFMC standards development and the GAST C and D introductions with implementation statistics and the upcoming benefit paper JWGs11/WP31. The next I-GWG hosted by DFS and Fraport will take place June 3-7.  Although registration is formally closed, individual participants can still be accepted (Calling notice available on demand). Given the slow uptake of GBAS implementation, we are also initiating a strategic discussion of the preferred choices of future systems for precision approach and landing to ensure continued availability of this type of operation.

For more details on the EUROCONTROL GBAS activities, please see JWGs11/IP16.
Status of GBAS in Switzerland
Maurizio Scaramuzza gave an oral report on the status of GBAS in Switzerland.  Since the last meeting, there have not been much news. As a recap there is currently one station operational on the main landing runway 14 at Zurich Airport, providing CAT-1 approach capability. The GBAS equipage rate of the airplanes is low with limited use of the GBAS service, resulting in very few landings per month. Since the last JWG discussions were conducted on various scenarios for the future of the GBAS station, ranging from full decommissioning to upgrading to GAST D. It was decided to continue operating the station for the next 2 to 3 years, with a reassessment planned after this period. Still, the strategic goal is to implement a GAST D station.
GBAS Status in Singapore
Singapore is carrying out a safety consultancy to assess factors affecting performance and availability of the GBAS operations at Changi Airport. Following that, Singapore will be preparing for system procurement of a GBAS with minimally GAST-C capability to support CAT I GLS operations.
Indra Navia Status:
Indra Navia is supporting GAST E standardization through projects supported by ESA, EUSPA (EDGAR) and the Norwegian Space Centre. Indra Navia is still looking for opportunities to develop assurance for approval of its GAST D ground station, in order to deploy GBAS GAST D operationally.
Status of GBAS at Boeing
Tim Murphy 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.
NavPos Systems GmbH GLS202x GBAS Base and IGM Status
The status of the NavPos Systems GAST-E prototype was presented at RTCA SC159 WG4 on March 21st, 2024. Since then NavPos Systems is further improving the GAST-E prototype.

NavPos is currently also focusing on GPS/GNSS Interference, Jamming & Spoofing Detection and Alerting to further improve their Nearfield and Farfield - Independent GBAS and SBAS Monitors (IGM and ISM). 


Agenda Item 1c: Coordination with other Panels and Groups on GBAS
IP 12 - RTCA SC-159 Status 
This information paper presents the status and progress of RTCA Special Committee (SC)-159 with focus on the Ground Based Augmentation System (GBAS) standardization activities within RTCA. RTCA 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 Global Navigation Satellite System (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 was 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).

GWG noted the lack of progress in developing a MOPS for DFMC GBAS.  Since a MOPS would be an integral part of a Baseline Development Standard (BDS) and it is virtually impossible for a MOPS to be drafted before the end of 2024, the current expectation of a BDS by the end of 2024 will not be met.  Until a clear plan for a MOPS development is in place, GWG is unable to replan when the BDS should be available.

Oral Report on EUROCAE WG-28 Activities:
Linda Lavik gave an oral report on the status for EUROCAE 28 GBAS related activities. EUROCAE WG-28 is currently focusing on DFMC GBAS standardization (GAST E). The group focusses on:
· Discuss and progress the research going on under the EDGAR project, supporting GAST E standardization
· Work on the formal deliverable well underway, the report on the impact of DFMC GBAS on ED-114B. The work is progressing in parallel with the development of the draft GAST E SARPs. 
Upcoming meetings: 
· Remote one-day meeting 28. August
· 2 day meeting in October, co-joint with EDGAR meeting at DLR facilities in Oberpfaffenhofen 08-09. October. 

Oral Report on The Asia-Pacific (APAC) GBAS/SBAS Implementation Task Force (ITF)
Susumu Saito gave an oral report on the work of the APAC).  

The 6th meeting of the APAC GBAS/SBAS ITF (GBAS/SBAS ITF/6) was held from 7-9 May in Bangkok. The main objective of the APAC GBAS/SBAS ITF is to facilitate implementation of GBAS and SBAS in the APAC region. The major outcome of GBAS/SBAS ITF/6 related to GBAS was the completion of the guidance document on GBAS implementation in the APAC region. Status of GBAS implementation by the APAC States/Administrations were also reported. There were very active discussions at the meeting, which showed strong interest of the APAC States/Administrations in implementing GBAS. The meeting documents are available at the ICAO APAC website:
https://www.icao.int/APAC/Meetings/Pages/2024-GBAS-SBAS-ITF6.aspx 

Agenda Item 1.d) GNSS/GBAS Manual 

WP 32c- Updated 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. As previous attempts to progress the work have been unsuccessful due to workload of the rapporteur, the paper does not propose a future work plan.

The current update of the GNSS Manual has been completed; the next iteration is planned to be proposed for Panel adoption in Fall 2024.  In the meantime the development of the DFMC GBAS Baseline Development SARPS is progressing, albeit with delays on the airborne aspects. It will have to remain interoperable with existing GBAS services and one method to ensure this is to integrate the concept paper in the into a new Manual to provide a stable location there for the longer term.  The timeline proposed in JWGs11 WP20 having become obsolete due to workload of the ad-hoc rapporteur, it will be necessary to select another rapporteur to progress the activity. 
The document repository on the ERUROCONTROL GBAS OneSky Team (similar location as for DFMC ad-hoc and SARPS drafting groups) can still be made available to allow collaborative drafting to the Team members to submit contributions. 
The meeting was invited to: 

1) Comment on the minor updates in the way forward to develop the GBAS Manual as a separate volume within the GNSS Manual; 
2) Provide inputs on the proposed structure; 
3) Select a new rapporteur to progress the work; 
4) Volunteer to support the development effort, by taking responsibility for one of the sections to be developed or contributing to the review. 

The meeting discussed the paper and noted with regrets the inability of the Rapporteur to continue leading the development.  Given no other volunteers were evident, GWG agreed that the development of the GBAS Manual would be shelved until such time as resources are available.

[bookmark: _Ref88046276]Agenda Item 2.a VDB Related Issues
Joint Meeting of GWG, CNTWWG and the Spectrum Working Group (SWG)
A joint session of GWG, SWG and CNTWG was held on the morning of May 16th, 2024.  The joint session considered 2 papers related to GBAS VDB: IP 16 and WP 34.

Additional details on the discussions of these papers can be found in the SWG and CNTWG reports for JWGs/12.
IP 16 - Anomalous Propagation of ILS LOC Signals by the Sporadic E Layer
This information paper shares the recent study results on the anomalous propagation of ILS LOC signals by the ionospheric sporadic E layer. It was found that ILS LOC signals received over the distance of 1550 km were strong enough to provide course deviations by an airborne ILS LOC receiver.

This paper was discussed during the joint GWG/SWG/CNTWG.  For more information see the CNTWG meeting report material.

WP 34 – Report to ICAO NSP JWGs/12 about Presentation of RF Handbook Changes on GBAS Frequency Assignment Planning to FSMP WG 18. 
ICAO NSP Secretary had submitted to ICAO FSMP WG18 a Working Paper presenting the changes proposed by ICAO NSP JWGs/11 to the DOC 9718, Volume II on GBAS frequency assignment planning.

The proposed changes were presented by the rapporteur of the ICAO NSP SWG, and this WP is presenting the outcome of the discussions that were held.

This paper was discussed during the joint GWG/SWG/CNTWG.  For more information see the CNTWG meeting report material.

Joint Meeting of GWG, CNTWWG and the Spectrum Working Group (SWG)
A joint session of GWG and CNTWG was held on the morning of May 16th, 2024 after the conclusion of the joint GWG, SWG and CNTWG session.  The joint session considered 2 papers related to Doc 8071.


Flimsy 6 - Flight Inspection of the GBAS Positioning Service
This flimsy proposes text to describe the flight inspection of the GBAS positioning service in Doc 8071 V2, chapter 4.  Given that the GBAS positioning service is a service provided by GBAS and in use by some States, some statement is required in Doc 8071 to give guidance on where such inspections should take place.  The Flimsy proposed revised wording for the section currently in Doc 8071.  The meeting discussed the requirements, revised the prosed text and a revision to the Flimsy with the agreed text was produced.

This paper was discussed during the joint GWG/ CNTWG.  For more information see the CNTWG meeting report material.

Flimsy 13 – Doc 8071 Draft
This flimsy provided the current draft revision of Doc 8071 Volume II.  The GWG and CNTWG considered section 4.3.15 concerning measurement of message loss rate rather as an alternative to measurement D/U directly.  After substantial discussion the group agreed to a revision for the section. 

This paper was discussed during the joint GWG/ CNTWG.  For more information see the CNTWG meeting report material.
 

Agenda Item 4.a DFMC Concept Paper
WP 20 – Draft DFMC GBAS Concept Paper
This paper presents a partial mark-up of the GBAS Concept Paper.  An initial version of the concept paper was presented as JWGs/10 WP 20.  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.

This draft version of the Concept Paper attached to this paper has some additional edits and captures the expanded set of approach service types that was agreed to at JWGs/10.  Otherwise, minimal progress has been made on updating the Concept Paper due to a lack of resources.

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 reviewed the document, but not in detail.  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 reaffirmed 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 were no immediate volunteers, a general action was given to the group to consider taking on this role.


Agenda Item 4.b, DFMC Programs/Projects and Validation Material
IP 14 - Update on DFMC GBAS validation and the flight data collection campaign in October 2023 and March 2024
This paper introduces results of DFMC GBAS ionosphere monitor validation by using flight data obtained with the DFMC GBAS testbed. Ground/airborne data under strong ionospheric disturbances were successfully obtained and being analyzed. DFMC GBAS datasets collected by ENRI are also introduced.

Electronic Navigation Research Institute (ENRI) has been conducting a research on the DFMC GBAS since 2015. The main objective of the research is to enhance performances of GBAS under ionospheric active conditions such as the low magnetic latitude region. ENRI contributes with the research to the DFMC GBAS concept development activities by ICAO through this research.

The main research topics includes the development of mockups of the ground and airborne subsystems of DFMC GBAS, validation of concepts by using the mockups, and scintillation effects on DFMC GBAS. The DFMC GBAS testbed consists of the ground and airborne mockups. The ground mockup has been installed the New Ishigaki Airport in 2019 by replacing the GAST D ground experimental prototype. The airborne mockup was developed based on the GAST D airborne experimental system.

The flight data collection campaign in March 2024 was conducted from 4 to 8 March 2024. 8 flights including 4 flights in daytime and 4 flights in nighttime were conducted. In all the daytime flights, ionospheric conditions were quiet. In the nighttime flights, there were two flights (4 and 8 October) were in strongly disturbed ionospheric condition. Another flights on 6 and 7 March were in moderately and weakly disturbed condition, respectively.

The number of flights, number of approaches and the ionospheric activity during the 4 flight data collection campaigns from October 2022 to March 2024 are summarized in Table 1. So far, 160 approaches (72 in daytime, and 88 in nighttime) have been accomplished. 10 flights were conducted under moderately or strongly disturbed ionospheric conditions.

The data obtained in the March 2024 campaign are being analyzed to evaluate the performance of ionospheric anomaly monitoring. Comparison of DFMC GBAS position solutions with post-processed RTK solutions is also being conducted.

The DFMC GBAS ground mockup ground mockup successfully generated MT-23/50 in addition to MT-1/2/3/4/11 and transmitted via VDB. The message generation status is shown in Figure 5. MT-23 were transmitted in two slots by using linked-messages to accommodate ranging sources more than the limit number which can be transmitted in one slot. The VDB receiver in the airborne mockup successfully received the VDB messages including MT-23/50 and the airborne mockup software successfully decoded the messages. Realtime integrated processing with the ground/airborne mockups will be tested in the next flight experiment planned in October 2024.

GWG discussed the results of the flight tests and expressed appreciation for this very interesting and important work.  The group looks forward to further analysis to be presented at future meetings.
IP 23 – Extension of DUFMAN Models in Support of DFMC GBAS Standardization Activities – Planned First Steps
Following the request made during the RTCA SC-159 WG4 in October 2023, this paper presents the planned first steps to extend the DUFMAN multipath models for: the use of Divergence free (Dfree) smoothing in addition to conventional single frequency and Ionospheric free (Ifree) smoothing, the impact of shorter/longer smoothing intervals on the results, and the use of time-variant smoothing from raw up to 600 seconds, including smoothing filter convergence characteristics.

The GAST E architecture will be based on Divergence-free (Dfree) variable-rate smoothing with longer smoothing time constants up to 600 seconds, there is a need to expand the existing DUFMAN models to include the GAST E processing particularities that are not considered in the current models. This expansion is essential to address both integrity concerns and mitigate overly conservative airborne multipath models that could have an impact on service availability.

The document attached to IP 24 provides a summary of the steps that will be followed to update the existing DUFMAN models. This work will be carried out as part of the project EGNSS DFMC for GBAS bAsed opeRations (EDGAR), granted by EUSPA (European Union Agency for the Space Programme) under the call “HORIZON-EUSPA-2022-SPACE”, and therefore, it is co-funded by the European Union.

This work will focus on the update of the multipath models independently of the antenna errors. The antenna error models derived in DUFMAN are considered to be valid as they are based on unsmoothed anechoic chamber measurements.  On a first theoretical evaluation, it has been demonstrated that the use of divergence free smoothing will not bring any differences in comparison to the DUFMAN results, as the inputs used in DUFMAN had the divergence term removed.  The smoothing time constants that are of interest for the time variant (i.e., variable rate) smoothing filter have been identified as: 0s (raw measurements), 10s, 20s, 30s, 40s, 60s, 80s, 100s, 200s, 300s, 400s, 500s, and 600s.  The transient phase of the time variant filter will also be studied for smoothing time constants of up to 600s.  Future work will focus on the effect of Dfree, time-variant smoothing and longer smoothing time constant on antenna errors.

Agenda Item 4.c, DFMC SARPs Development 
WP 19 - Draft DFMC GBAS Annex 10 Changes
This paper presents a draft set of Annex 10 changes to introduce DFMC GBAS.
This is version 1.0 of the draft and although a lot of progress has been made,
significant work still remains to be done. The draft was shared in order to
support a review by the full GWG during JWGs/12.

At NSP 7 GWG agreed that a small SARPs drafting group would be formed to begin
writing SARPs for DFMC GBAS. This DFMC SARPs Drafting ad-hoc has met frequently over the first year. A first draft of the DFMC GBAS Annex 10 changes was introduced during JWGs/10 as WP 19. That draft facilitated a productive review by the GWG. Specifically many open issues were identified and logged in an issues matrix that the ad-hoc group has been using to guide/organize the work to further develop the SARPs.

The first draft of SARPs changes (JWGs/10 WP 19) was developed using ANNEX 10
VOLUME 1 7TH ED consolidated (which includes Amendment 92 and Corrigendum 2). Amendment 93 which was recently approved by ICAO council was not yet available in a fully editiable form. Hence, some work will be required to ensure that some additional changes introduced with Amendment 93 will get captured in the draft. Many sections of the SARPs not expected to change have been deleted from this draft (e.g. the sections on MLS and DME etc.).

The drafting group met several times between JWGs/10 and JWGs/11 and worked many
of the issues originally identified at the JWGs/10 GWG meeting. Additional issues were identified and logged in the issues matrix. Many inputs have come in the form of papers and presentations made to the ad-hoc group. Version 0.9 of the draft DFMC GBAS Annex 10 changes wa submitted to JWGs11 as WP 15. That version captures most of the inputs from the ad-hoc deliberations up to that point.

The DFMC GBAS SARPS Drafting ad-hoc continued to meet once or twice per month
since JWGs/11. The group continued to work issues domumented in the issues matrix and some of the issues were resolved. Some of the decisions of the ad-hoc group have been reflected in this draft, Version 1.0.  This draft (version 1.0) was made available to the entire GWG in this working paper as an indication of the state of the drafting ad-hoc group work. It was also the intent that this draft should be the basis of a working session during this meeting to review the current approach and to stimulate discussion
on certain specific unsolved issues.

WP 19 includes a bulleted list of improvements that have been made to the draft since the last version.  The review of the draft began by the group looking at each of these changes.  The result was a fruitful discussion which resulted in more improvements to the draft.  Part of the review included examination of sections for which changes were proposed in Working Papers 22, 24 and 25.

The review continued by starting from the beginning and stepping through all the changes made at the last meeting and since the last meeting.  All the changes were accepted so that the draft at the end of the meeting had no revisions marked.  The resultant version at the end of the review will be circulated to the ad-hoc drafting group as Version 1.1.

WP 21 – GAST E Integrity Allocation
Work is ongoing in the ICAO DFMC SARPs drafting group to draft integrity requirements for GAST E. This work assumes that the integrity paradigm will be similar to GAST D, implementing shared responsibilities between ground and airborne subsystems. GAST E includes a nominal processing mode and several fallback modes which all have to comply with ranging source integrity requirements. How to derive these requirements is the topic of this paper, concluding with several ways to improve integrity performance. Feedback on these will be beneficial moving forwards with the GAST E concept.

It is assumed that requirements analogous to 3.6.7.3.3.2, 3.6.7.3.3.3 and 3.6.3.4 (ionospheric gradient mitigation) are needed for GAST E, either as new requirements or as modifications of or extensions to existing requirements. Note that 3.6.7.3.3.2 and 3.6.7.3.3.3 are requirements on probability of missed detection (PMD) as function of pseudorange error taking prior probabilities into account for integrity threats. They apply to signal deformation, code-carrier divergence (CCD), excessive pseudorange acceleration and erroneous broadcast of ephemeris data. How to derive the ranging source integrity requirements for GAST E is the topic of this paper.

For GAST D a number of assumptions are made to arrive at the requirements on probability of missed detection (3.6.7.3.3.2 and 3.6.7.3.3.3) considering airworthiness requirements [3].  Airborne geometry screening ensures error bounding in the position domain and allows range domain requirements for the ground station. The maximum (worst case) vertical projection is assumed to be Svert = 4. The differential range error ER is assumed to be 1.6 m for the malfunction case, resulting in max vertical error EV of 6.4 m.

Figure 1 in the document shows how these requirements are applied for a generic integrity monitor. Performance along the y-axis (PMD) is derived from integrity monitor performance, while the pseudorange error (x-axis) depends on the processing mode. Recall that 30 second smoothed corrected pseudoranges are used for GAST D.

The paper stimulated a robust discussion which led to some decisions being taken by the group.

Joel Wichgers and Tim Murphy (ICCAIA) agree that the ground and airborne filters should be matched. Gary McGraw pointed to this in one of the early papers on GAST E, as otherwise large range errors may result. The airborne will start smoothing early on, and then align with where the ground is once it gets the kickstart value.
 
The paper illustrates that the Pmd vs. range error performance will vary for the different modes, in particular it will vary with smoothing time. Figure 3 illustrates this issue for CCD. In order to be able to use the same monitors independent of which mode the airborne is in, and the airborne will have to know what the performance is for the particular mode it is in and apply geometry screening and alert limits accordingly. If we start from the airborne assumptions for geometry screening and alert limits for the different modes, and derive ground requirements based on that, we may up with very different monitoring requirements for the same threat. This may result in suboptimization for some modes, or worst case, in unrealizable monitoring requirements for some modes. Unless we change the VDB format, the ground can only run one set of monitors, and the performance in the range domain will depend on the mode the airborne is running. 
 
Bruce Johnson (FAA) pointed out that the validation of each of the monitors will be significantly more demanding than for GAST D, as the performance will have to be proven for all processing modes and smoothing times.

The meeting is 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.



WP 22 - Interpretation on Number of Reference Receiver Indication in MT 2
The parameter “GBAS reference Receivers” is uplinked in the main body of the Type 2 GBAS message. In ICAO Annex, Appendix B, section 3.6.4.3, this parameter is defined to be the number of installed reference receivers, not the number of receivers used in the measurements. 

Since the proposed scheme for GAST E is to uplink measurements from each individual receiver separately, it is not given how to interpret this parameter for GAST E. This WP discusses this topic and proposes an interpretation for GAST E, and also what type of information an airborne receiver would need for the purpose of predictability of its computational cycle. It also touches upon a couple of other (related) aspects pertaining to uplinking coordinates for the reference receivers in the Type 2 message.

The paper successfully stimulated a good discussion about how the receiver would know how many reference receivers measurements would be made available in a given measurement epoch.

The diagram included in Flimsy 15 was presented to aid the discussion.  

After some discussion the group agreed:
-	All measurements referred to a common reference time
-	We should specify a maximum deviation from the half second frame boundry
-	We could uplink CRC for F1, F2 CRCs for all constellations, in rotating fields. One MT23 could hold GPS L1, one could hold GPS L5, one could hold Galileo E1, and the fourth Galileo E5. Composite CRC is another possibility, but it falls apart if one frequency is jammed on the airborne side, or the ground and airborne does not have the same const. 
-	We require that all antenna positions are uplinked within 10 seconds. 
The meeting was in favour of a fixed uplink interval for an individual ground facility, but Joel mentioned that it could be beneficial to compress the uplink interval when there are fewer reference receivers. On whether to implement the uplinking of the residual ranges, or the “correction based” measurements (deducting the ephemeris range): NAVPOS thinks it is possible to always estimate the right N, since misestimation causes a significant jump in the pseudorange. The benefit of the residual method is that we have more time to uplink the ephemeris CRC. The ranges can be reconstructed without having a validated ephemeris, and the smoothing filters can start. NAVPOS has only tested this for a zero baseline. They will come back in a few months when they have tested over a non-zero baseline. Joel Wichgers also thinks either can work fine. 
It could be possible to smooth without having a validated ephemeris also for the “correction based” method, as long as one goes back and corrects the ranges before issuing outputs, which we have to do in both cases. The airborne receiver needs to have ephemerides validated for:
-	Threat models
-	Bit errors
before it can start outputting position, VPLiono etc. 
It was discussed what would be the driver for limiting the update interval. Typically, for a correction based DGPS concept, the corrections do not change much within a few seconds. Perhaps the iono monitoring will be the limiting factor, since iono is not warned through MT 50 for dual frequency monitoring. The monitoring takes place in the airborne, based on measurements uplinked from the ground with a quite low rate. The airborne can be exposed to quite heavy iono changes between the uplinks. On the other hand, the airborne has access to dual frequency carrier phase, and may be able to measure what ionospheric changes its measurements are exposed to at any given time, and based on that, it may be possible to tolerate a quite low update rate.  
WP 24 - Changes to the draft DFMC GBAS SARPs related to SBAS ranging source removal from any service types supported by Type 23 Message
This paper discusses the proposed changes to the draft DFMC GBAS SARPs related to SBAS ranging source removal from any service types supported by Type 23 Message. Four parts were identified which should have notes, but no significant change were identified to be necessary.

In the NSP JWGs/11 meeting, GWG agreed not to use SBAS ranging sources for any service types supported by Type 23 Message (MT 23). An issue (Issue 10) was opened to review the draft DFMC GBAS SARPs to identify any necessary changes.  This paper presents the review results and proposed changes to the draft SARPs.

The proposed changes in this WP were incorporated into the draft and reviewed during the review of WP 20.
WP 25 - Residual Ionospheric Uncertainty for use with GAST E
This working paper presents a background information on the residual ionospheric uncertainty proposal in the draft DFMC GBAS SARPs. The formula of the residual ionospheric uncertainty are defined separately for GAST A, B, C, C1, C2, D, D1, and D2 and for GAST E. Detailed derivation of the formula are given in Appendices A1 and A2.

The meeting is invited to:
a) accept the contents of this paper as validation of the Issue 14; and

b) discuss any relevant matters as appropriate

The group agreed, the changes were incorporated into the draft version 1 and reviewed during the review of WP 20.  In addition Flimsy 9 was produced to document the final version for this section of the SARPs. 

Flimsy 15 - Concepts for Time Synchronization
The figure in this flimsy was presented during the JWGs/12 GWG meeting to foster a discussion of Issue 12 in the DFMC Issues Matrix.  The figure shows an example of Type 23 messages for a ground station which is uplinking measurements for 3 reference stations, augments 2 constellations and is limited to uplinking a total of 28 satellites meaning that only one set of linked messages per reference receiver per update is required.  The figure introduces some new concepts as follows:
· All the measurements in a set are aligned to a signle Epoch Time
· The ground station aligns the epoch time to a half second frame boundary
· A requirement will be written to specify the maximum allowable interval between the Epoch Time and the frame boundary
· The  ground station uplinks a parameter that has the number of (half second) frames in a measurement Epoch Interval
· When an Epoch Interval is finished, the receiver uses the data with the common Epoch time to compute a precise position with integrity at the Epoch Time
· The receiver uses buffered carrier phase measurements to propagate the position from the Epoch Time (which will be 1 Epoch Interval in the past, to the present time.
· While waiting from the next Epoch Interval to conclude (resulting in another full set of ground measurements being available for the next Epoch Time) the airborne receiver continues to propagate the position solution forward in time with carrier phase measurements only.
1.1 During the propagation of the position solution, the airborne receiver monitors Type 50 messages to ensure the satellite set remains useable.    
The diagram was successful in stimulating discussion about the time synchronization of measurements.  It was furter proposed that:
· A ground station should have a fixed Epoch Interval that should not change.  Once the airborne user has determined the Epoch Interval, it should be able to rely on it not changing
· The range and resolution in the time field of MT 23 may need to be revisited

Flimsy 16 - Proposal for Modified Alert Limits for Operations Supported by DFMC GAST E+
This flimsy documents a proposal made during JWGs/12 for alternative Alert Limits for Operations supported by DFMC GBAS Service Types based on use of the Type 23 Messages.  Those service types, i.e. C1, D1, C2, D2 and E are collectively referred to as GASTs E+.

The Alert limit computations for GAST C and D, are defined in Annex 10 section 3.6.5.6.1 and Tables B-68 and B-69.  These alert limits grow as a function of distance from the runway until they reach some maximum and remain constant.

After some discussion the group agreed to accept the proposal which will be incorporated into the next version of the draft SARPs change proposal.

[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, (Essentially done and delivered to CNTWG)
· Updates to the GNSS Manual (Doc 9849) Essentially done for this round,
· Development of a GBAS Manual, (this task was shelved pending additional resources)
· 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
Due to time constraints, GWG was unable to review the action matrix (Attachment C).  This review will be done during a GWG teleconference in the near future.
DFMC Work Plan
The GWG agreed that the small SARPs drafting group would continue writing SARPs for DFMC GBAS.  This ad-hoc drafting group has continued to be very active in the months since JWGs/11 and has pursed the merged architecture 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 to complete and technically validate the SARPs piece of the BDS by the end of 2024 seems unlikely given the current state of development.  Furthermore given the current state of the MOPS development (an integral part of the BDS), the goal for a BDS will be delayed, likely for at least 1 year.  This drafting group will need to work closely with RTCA SC-159 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
This deliverable is at Risk

	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 249) 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 temporarily stand down pending availability of additional resources to support.  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 development of Dual Frequency/Multi-Constellation GBAS standards.   The other major focuses will be on the development of the DFMC GBAS Concept Paper and the GNSS Manual.
  
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.  Some work remains to be done, however, CNTWG expects to close the issues and publish the Doc 8071 update this year.  The GWG believes the GBAS related issues fro Doc 8071 have been addressed and no further activity by GWG is planned.

GBAS Manual Development: The drafting group working on Actions 238 and 241, (Development of a GBAS Manual) will stand down pending additional resources.  A call has been made for volunteers to lead the ad-hoc activity going forward as the current raportuer has had to step down.  

	 Summary and Conclusions
This was a successful meeting of GWG.  The work of GWG over the last year has been steady with appreciable conceptual developments accomplished in the pursuit of the 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 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.  Although this task has been postponed due to resource availability, there is still a perceived need for a GBAS manual.
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[bookmark: _Ref70564746]Attachment A – Agenda: GBAS Working Group Meeting, May 13th – 17th 2024.
[bookmark: _Ref55201482]Proposed Agenda
1)   Misc GWG Business
a) Agenda review
b) Status of GBAS  (IP 10, IP 18, IP 21)
c) Coordination with other panels and groups on GBAS (IP 12)
d) GNSS/GBAS Manual (WP 32)
e) Any other Business (WP 31)
2) GBAS SARPS Maintenance
a) VDB Related Issues (WP 34, IP 16)
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 (Flimsy 6, Flimsy 13)
d) GAST D Implementation Issues ()
4) 	Dual Frequency Multi-constellation GBAS
	a) DFMC Conops/Concept Paper (WP 20)
	b) DFMC Programs/Projects and Validation Material (IP 14, IP 23)
c) DFMC SARPS development (WP 19, WP 21, WP 22, WP 24, WP 25, Flimsy 9, Flimsy 10, Flimsy 15, Flimsy 16)
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, Information Papers and Flimsies  for GWG Meeting – JWGs/11 - Nov 28th - Dec 1st 2023.
[bookmark: _Ref388864344]Working papers
	[bookmark: _Hlk151560030][bookmark: _Hlk100021781]WP No.
	Agenda Item
	Subject
	Presented by

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

	20
	4.a
	Draft DFMC GBAS Concept Paper
	Tim Murphy

	21
	4.c
	Integrity Allocation for GAST E
	Tim Murphy

	22
	4.c
	Interpretation on Number of Reference Receiver Indication in MT 2
	Tim Murphy

	24
	4.c
	Changes to the draft DFMC GBAS SARPs related to SBAS ranging source removal from any service types supported by Type 23 Message
	Makoto Fukuda

	25
	4.c
	Residual Ionospheric Uncertainty for use with GAST E
	Makoto Fukuda

	31
	1.e
	Benefit Mechanisms of GBAS
	Gary Berz

	32
	1.d
	GBAS Manual Activity and Status
	Gary Berz

	34
	2.a
	Report to ICAO NSP JWGs/12 about Presentation of RF Handbook Changes on GBAS Frequency Assignment Planning to FSMP WG 18
	Christophe Macabiau





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

	10
	1.c
	Ground Based Augmentation System (GBAS) Status Update and Operational Experiences in Australia
	David Cook

	12
	1.c
	[bookmark: _Hlk151120606]RTCA SC-159 WG 4 Status
	Tim Murphy

	14
	4.b
	Flight Testing Results
	Makoto Fukuda

	16
	2.a
	Anomalous Propagation of ILS LOC Signals by the Sporadic E Layer
	Makoto Fukuda

	18
	1.b
	Status of GBAS Activities in China
	WANG Zhipeng

	21
	1.b
	Status of GBAS Activities in Germany
	Morten Grandt

	23
	4.b
	Extension of DUFMAN Models in Support of DFMC GBAS Standardization Activities – Planned First Steps
	Gary Berz






		Flimsies
	Flimsy No.
	Agenda Item
	Subject
	Presented by

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

	6
	3.c
	Flight Inspection of the GBAS Positioning Service
	Gerhard Berz

	9 rev1
	4.c
	Residual Ionospheric Uncertainty for use with GAST E (Revision to the proposal WP25)

	Prepared by Susumu Saito


	10
	4.c
	Tentative definition of Ephemeris CRCs for core constellations
	Gerhard Berz

	13
	3.c
	Doc 8071
	Gerhard Berz

	15
	4.c
	Concepts for Time Synchronization
	Tim Murphy

	16
	4.c
	Proposal for Modified Alert Limits for Operations Supported by DFMC GAST E+
	Tim Murphy
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[bookmark: _Ref70564863]Attachment C Action Item List at the output of the GWG Meeting May 13th- May 17th, 2023 (JWGs/12)
Due to time constraints, GWG was unable to review this matrix during the JWGs/11 meeting.  Hence the matrix attached here is unchanged since the JWGs/10 meeting.  It is anticipated that the matrix will be reviewed during a teleconference in the near future.

	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 JWGs/4 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
JWGs/4 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
JWGs/2: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.
JWGs/3 WP 4, WP 5, WP 6, WP 18 WP 21, WP 22, WP 28 and IP 8
JWGs/4 WP 6, WP 25
JWGs/5 WP 24
JWGs/7 IP 3
Closed: JWGs/7 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
JWGs/2 – 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
JWGs/10 WP 14
Closed: JWGs/12 – closed based on Flimsy from the previous meeting updated by Linda  Flimsy 4 from NSP 7.  See CNTWG Report

	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
JWGs/2_WP_11
NSP4 WP 6
Opened JWGs/3 WP 2
JWGs/4 WP 14,
JWGs/5 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
JWGs/10 WP 6
JWGs/10 Flimsy 4
Closed: JWGs12 Flimsy 6

	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: JWGs/4 WP 25
JWGs/5 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: JWGs/4 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: 
JWGs/4 WP 19
JWGs/5 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/5 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: JWGs/5 WP 2

Closed NSP7 – Follow on action in 249.

	236
	Read and Comment on JWGs/7-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
JWGs/8 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, JWGs/7 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 additions.
	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 
JWGs/7 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
JWGs/10 WP 27
JWGs/12 WP 32 – Back burnered

	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 JWGs/10 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
JWGs/12 IP 23

	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.
	JWGs/5 WP 2
JWGs/9 IP 18
JWGs/10 WP 19
JWGs/10 WP 20
JWGs/12 WP 19 & 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
JWGs/10 WP 8
JWGs/10 WP 21
JWGs/11 WP 6 & Flimsy 10	Comment by Murphy (US), Tim: Check status.  Close at the next meeting?

	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
JWGs/10 WP 20
JWGs/12 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
JWGs/10 WP 27
JWGs/12 WP 32

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	




Green – denotes closed actions (these will eventually be removed from the list).
Yellow – denotes actions opened at this meeting




Attachment D DFMC GBAS Issues Matrix at the Conclusion of the GWG Meeting May 13th – May 17th, 2024 (JWGs/14)

	Issue #
	Issue Description
	Issue Owner
	Discussion/resolution

	1
	Issue:  How will RR Locations be defined: relative to GBAS Reference Point or relative to one high resolution RR definition.
Issue created: 5/25/2023 – JWGS10 WP 26

	
	[bookmark: _Hlk135894986]Status: Closed
5/25/2023 Discussion and definition of the problem.  Rev 1 of working paper will be prepared to show the ramifications on the datalink.  Will then review in the context of the proposal.  
6/15/2023 – JWGs10 WP 26 Rev 2 has a revised proposal which has been reviewed by Susumu.  Need to incorporate in the draft and review in this group 
9/07/2023 – Drafting group agreed that RR locations should be sent up one at a time.  New format TBD
11/26/2023 – New proposed format in DFMC GBAS SARPs V0.9 20231126
Closed 12/1/2023 – based on V0.9 with an outstanding issue to work the range and resolution per IP 15.


	2
	Issue:  What is the minimum update rate for MT 23?  Can we validate 3 or 4 seconds update rate is OK?
· Missed message time outs
· How to propagate solutions with carrier
· Ramifications on Iono monitoring?
Issue created: 5/25/2023 – JWGS10 WP 26

	
	Status: Open
5/25/2023 – opened during discussion of JWGS10 WP26.
6/15/2023 – Eurocontrol doing some modeling.  Need another organization to do some modeling as well.
6/21/2023 – Discussions with RTCM committee members during ION GNSS+ indicated there is no inherent limitation on update rate imposed by the RTCM messages that MT 23 are modeled after.  (One interesting data point, but further validation is required).
JWGs11 – agreed to try and validate 3 sec update rate.
5/8/2024 – This agreement is reflected in Table B-76 in version 1.0 (JWGs12/WP19).

	3
	Issue:  What redundancy is needed to avoid message time outs?
· Consider all messages
· Consider expected message loss for D/U or signal strength issues
Issue created: 5/25/2023 – JWGS10 WP 26

	
	Status: Open
5/25/2023 – opened during discussion of JWGS10 WP26.

	4
	Issue:  Assumed single or dual VDB’s.  Is there any situation in which more than 2 VDB’s would be required and have to transmit all the messages? 
Issue created: 5/25/2023 – JWGS10 WP 26


	
	Status: Open
5/25/2023 – opened during discussion of JWGS10 WP26. 
9/21/2023 discussion: Standards should support 2. If 3 needed add a frequency.  Discuss for consensus at the next GWG
Closed 5/16/2024 – JWGs12 GWG meeting – reached consensus that 2 VDB’s would be assumed for validation.  If 3 VDB’s are required for any given airport they may need to use 2 frequencies. 

	5
	Issue: Are we going to add anything to the SARPs to enable use of other datalinks for other aviation communities
Issue created:  5/25/2023

	
	Status: Open
5/25/2023 – opened during discussion of draft DFMC GBAS SARPs - JWGS10 WP19
12/1/2023 – two notes in Draft version 0.9 point to GM yet to be written


	6
	Issue: Go look at what the SBAS guys did and if appropriate make a generic note early in the GBAS SARPs defining L1 and L5.
Issue created: 5/25/2023

	Tim Murphy
	Status: Open
5/25/2023 - opened during discussion of draft DFMC GBAS SARPs - JWGS10 WP19
6/14/2023  TM: Section 3.5.15.1.1 defines Pseudo-range measurements for each satellite shall be smoothed using carrier measurements and the filter identified in 3.5.1.1 with the following pseudo-range observables:
𝑃1,𝑘 is the L1 C/A or L1OCd or E1-C or B1C_pilot or SBAS L1 raw pseudo-range measurement in metres;
𝑃2,𝑘 is the L5-Q or L3Ocd or E5a-Q or B2a_pilot or SBAS L5 raw pseudo-range measurement in metres; … etc.
Propose something similar be done.   See new proposed section 3.6.8.1.1 in version 0.7.
6/15/2023 – drafting group reviewed new proposed section 3.6.8.1.1 and agreed in principle with this approach.  Now consistent use of P1 and P2 when talking about pseudoranges.   Post meeting the changes were applied to version 0.8.
11/26/2023 – terminology further cleaned up in DFMC GBAS SARPs V0.9 20231126   Use of F1 and F2 when talking about the frequencies of the signals.
12/1/2023 – Proposal in Draft version 0.9 – yet to be validated,
5/16/2024 – JWGs12 – GWG agreed to close based on what is in Draft version 1.0 (JWGs12/WP 19)

	7
	Issue: Need Table B-65B (ephemeris mask) for Beidou.  Also need a definition of what data is fed into the CRC.  See section 3.6.4.2.3.   Action to Kun Fang (BUAA)
Issue created: 5/25/2023 

	Kun Fang
	Status: Open
5/25/2023 - opened during discussion of draft DFMC GBAS SARPs - JWGS10 WP19
5/16/2024 – JWGs12 – Closed, OBE see issue 35.

	8
	Issue: Check DO-246() for coding of MT 1 Measurement Type field.  Does DO-253 have any requirement checking this field. – Action RTCA SC-159 WG 4 Chairs.
Issue created: 5/25/2023 

	Joel Wichgers/Matt Harris
	Status: Open
5/25/2023 - opened during discussion of draft DFMC GBAS SARPs - JWGS10 WP19
DO-253 has LAAS-280
12/1/2023 – DO-246 has 4 values defined out of 8.  C/A L1 and L2, PY from either L1 and L2 (totally different that the SARPs) – Draft 0.9 includes a proposal for coding to include Galileo and Beidou F1 signals.
5/16/2024 – JWGs12 IP 12 and Flimsy 10 contributed


	9
	Issue: Section 3.6.4.3 – GCID coding – update in accordance with WP 25 NSP/7 – Appendix D
Issue created: 5/25/2023

	Andreas Lipp (with help from Patricia Callejo ENAIRE)
	Status: Closed
5/25/2023 - opened during discussion of draft DFMC GBAS SARPs - JWGS10 WP19
11/26/2023 – GCID coding consistent with NSP/7 WP 25 included in DFMC GBAS SARPs V0.9
12/1/2023 – closed based on proposal in Draft 0.9  (JWGs11 WP 21 and WP15)

	10
	Issue: If we rule out SBAS measurements in MT 23 what changes to the draft are required?
Issue created: 5/25/2023

	Tim
	Status: Open
5/25/2023 - opened during discussion of draft DFMC GBAS SARPs - JWGS10 WP19
6/15/2023 – MSAS used to but no longer provides SBAS ranging.  Need to consider the impact to MT 50 as well as MT 23.
6/21/2023 – To address in draft version 0.9.
5/8/2024 – Addressed in Version 1.0 (JWGs12/WP19) by adding notes. – need to decide at JWGs12 if the notes in 3.6.4.12.1 and 3.6.4.12.4 are sufficient
5/16/2024 Closed: JWGs12 WP 24 Rev 1 – reflected in Draft 1.0 post meeting. 

	11
	Issue:  Can we remove SBAS corrections from MT 1 and MT 11?   What changes are needed and are there any backwards compatibility issues?
Issue created: 5/25/2023

	Susumu Saito
	Status: Closed
5/25/2023 - opened during discussion of draft DFMC GBAS SARPs - JWGS10 WP19
6/21/2023 – SBAS ranging and corrections also in the MOPS for GAST C & D.  If we eliminate it will impact MOPS.  Two options: keep SBAS ranging/corrections for C & D but prohibit for MT 23 relate services.  Or Remove from MT 1 and MT 11 and have GBAS never support SBAS ranging.  Susumu to investigate impact to ICD and MOPS.
11/26/2023 – added a couple of notes to DFMC GBAS SARPs V0.9 to indicate that SBAS Ranging is not used for any GBAS Service Type supported by MT 23.
12/1/2023 – Closed – agreed to preclude use of SBAS ranging for GAST E and agreed not to remove SBAS ranging from legacy services.  JWGS11 WP7. 


	12
	Issue: How do the measurements get synchronized?  In the air or on the ground before transmission?  Is the resolution of the time field in MT 23 right/sufficient?
Issue created: 5/25/2023

	Linda Lavik
	Status: Open
5/25/2023 - opened during discussion of draft DFMC GBAS SARPs - JWGS10 WP19
6/15/2023 – Clarification of the issue:  Generation of a set of measurements with a coherent measurement time.  What is the T-zed count for each reference receiver and do they need to be the same?  How are PRC’s propagated between observations?  Should the time alignment algorithm be part of the protocol for application of data?  Does this need to be done in a prescriptive way?  Or can we just show one acceptable means?
12/1/2023 – JWGs11 WP 13 contributed.  Still debating on which method to use. 
5/16/2024 – JWGs12 – GWG agreed we would reference to a common time reference which would be steered to a Frame boundary.  – Remains open until the group can consider a revised MT 23 proposal

	13
	Issue: No news is good news vs. Current MT 50 – continuous authorization method.
Issue created: 5/25/2023

	Andreas/Linda 
	Status: Open
5/25/2023 - opened during discussion of draft DFMC GBAS SARPs - JWGS10 WP19
9/21/2023 – Group consensus to go with the “no news is good news” approach.  Specific format for MT 50 TBD.
11/26/2023 – Proposed new MT 50 (based on “no news is good news” approach included in DFMC GBAS SARPs V0.9
12/1/2023 – GWG has agreed that the “no news is good news” approach is preferred.  Details of MT 50 still being debated.  Also agreed at JWGs11 that MT 50 should be sent in every frame.  When everything is OK, it will be sent with 0 satellites
Action to Andreas and Linda to bring a proposal for a second field that will define what the “flavor” of the failure is.
5/8/2024 – Added reference to 3.6.4.12 to define Ranging Source ID
5/16/2023 – Agreed on 4 bit satellite/status field per PRN. – Stays open until those bits get defined and new MT 50 proposal can be evaluated.


	14
	Issue: Must validate that vert_iono_gradient_D with tau set to zero is sufficient for use with GAST E.  (see section 3.6.5.4)
Issue created: 5/25/2023

	
	Status: Open
5/25/2023 - opened during discussion of draft DFMC GBAS SARPs - JWGS10 WP19
1/31/2024 – Susumu prepared a short paper with proposed modifications to the SARPs draft – proposed to set  for GAST E rather than  which would have the same effect but be inconsistent with the physics of the situation.
5/8/2024 – Modified section 3.6.5.4 to implement Susumu’s proposal.
5/16/2024 – JWGs12 WP 25 and Flimsy 9.  Captured in the Draft version 1.0 – post meeting.  Closed:

	15
	Issue:   How do the VPLs work for C1, D1, C2, D2
Issue created: 5/25/2023

	Tim Murphy

	Status: Open
5/25/2023 - opened during discussion of draft DFMC GBAS SARPs - JWGS10 WP19
6/15/2023 – Good discussions in subgroup meeting.  Many changes implemented in version 0.8 of the draft.  Matrix of all GAST dependent parameters was reviewed, then cleaned up and circulated after the meeting for review.  Need some additional guidance material to be written.
12/1/2023 – Proposal in Draft 0.9 – yet to be validated.
5/16/2024 – Tweaked the proposal in Draft 1.0 to reflect the decision that C1/C2 would be consistent with GAST D processing/paradigm rather than GAST C.  – Andreas to bring success criteria for CAT I validation in the GAST D requirements allocation paradigm.


	16
	Issue: Section 3.6.5.6.1 – Should we entertain different Alert limit splaying for GAST E?
Issue created: 5/25/2023

	Tim Murphy
	Status: Open
5/25/2023 - opened during discussion of draft DFMC GBAS SARPs - JWGS10 WP19
5/16/2024 – JWGs12 Flimsy XX – GWG agreed and it will be put in the next draft.

	17
	Issue: Adding ephemeris parameter to low rate MT 23 data and decide if K factor for ephemeris should be same as D or C.  
Issue created: 5/25/2023

	
	Status: Open
5/25/2023- opened during discussion of draft DFMC GBAS SARPs - JWGS10 WP19
11/26/2023 – Ephemeris P values included in MT 23 in 0.9 version of the draft.  Still debating on ephemeris synchronization
5/16/2024 – JWGs12 Flimsy 10. - GWG agreed that Ephemeris CRCs for F1 and F2 should be uplinked somehow.  Proposal in modified MT 23 for the next ad-hoc meeting. 


	18
	Issue:   How to reconstruct a full resolution PR in the air given the 24 bit PR from the ground.  MT 23 message type table.
Issue created: 5/25/2023

	Susumu Saito
- All members of the group
	Status: Open
5/25/2023 - opened during discussion of draft DFMC GBAS SARPs - JWGS10 WP19
8/10/2023 – Proposal from Susumu discussed.  Need SARPs language/protocol for application of data.
9/7/2023 – Additional information provided.
9/15/2023 – Additional discussion in ION GNSS+ Paper (Murphy et al. 2023) – Still need actual SARPs language.
12/1/2023 – JWGs11 discussions – two possible methods are being considered: JWGs11 WP 13 contributed.  Still debating on which method to use or if ephemeris synchronization is required.
5/16/2024 – JWGs12 – Still debating on 2 approaches, sending raw corrections vs. RTCM method.  Since we decided we needed to uplink ephemeris CRC’s to communicate which Ephemeris is currently monitored, the raw correction approach looks more feasible.  Still needs work.

	19
	Issue:  For GAST C1, D1, C2, D2 and E, are any fields in MT 1 or MT11 Currently required
Issue created: 5/25/2023

	Tim Murphy
	Status: Closed
5/25/2023 - opened during discussion of draft DFMC GBAS SARPs - JWGS10 WP19
9/21/2023 – version 0.8  draft written with the intent to have no dependencies on MT 1 or MT 11 for C1, D1, C2, D2.  -  Needs some additional validation by inspection.
12/1/2023 JWGs11 – reaffirmed that we want the GAST E* services to be independent of MT1 and MT 11 – Proposal is in draft 0.9  
Closed – based on Draft 0.9 (subject to validation)

	20
	Issue:   For the modes derived from measurements (C1, D1, C2, D2 and E) what are the requirements on ground for IGM monitoring.  
Issue created: 5/25/2023

	IGM ad-hoc?
	Status: Open
5/25/2023 - opened during discussion of draft DFMC GBAS SARPs - JWGS10 WP19
5/16/2024 – GWGs12 – GWG agreed Continue the IGM monitoring, uplink the status in MT 50 if IGM ground detects.  Added set of Eig parameters for F2. – still open  

	21
	Issue: Consider adaptations for DUFMAN model to support DFMC GBAS
Issue created: 5/25/2023 see GWG action 247

	Joel Wichgers/Matt Harris
Change to DLR
	Status: Open
5/25/2023 – discussion.  Primarily a MOPs issue.
12/1/2023 – WP 17 contributed.
3/21/2024 – Program to investigate by DLR  (remain open pending validation)
6/16/2024 – JWGs12 IP 23 – reported on status/progress of the work.

	22
	Issue: Section 3.6.5.1 needs an update to account for Variable rate and extended smoothing times.
Issue created: 6/14/2023 – Tim Murphy inspection of draft V0.6

	
	Status: Closed
6/14/2023 – Issue discovered when working on V0.7 update to the draft.
9/21/2023 – Section should also be extended to DFree smoothing
12/1/2023 – Closed - Basic update is there in draft 0.9 JWGs11 WP 15

	23
	Issue: Can σvert_iono_gradient and vert_iono_gradient_D just be scaled to cover GAST C2 and D2.
Issue created: 6/16/2023 

	
	Status: Open
Opened: 6/16/2023 – TM during review on development of version 0.8 of draft
1/10/2024 – Susumu provided a write up indicating it should work.  Need a paper to close/document the decision
5/8/2024 – Recommendation was reflected in version 1.0 of the SARPs change proposal section 3.6.4
5/16/2024 – JWGs12 – WP 19 Draft 1.0 included a proposal.  Validation paper from Susumu was presented to the drafting group.   

	24
	Issue:  Ephemeris monitoring/Threat mitigation.  Separation between GBAS and LTP may be limited by ephemeris monitoring.  Threat space may be different between constellations.  Range domain monitoring requirement for GAST D.  Anyone willing to look into it and propose monitoring mechanisms to allow wider coverage areas.
	Morten Topland,
Maria Caamano, 

	Status: Open
Opened: 10/19/2023 – Presentation from Indra Navia at the DFMC SARPs Drafting ad-hoc group on 10/19/2023
5/16/2024 – JWGs12 WP 21 – contribution – still work to be done

	25 
	Ephemeris CRC computation for Galileo and BDS needs to be defined.
	
	Status Open:
11/24/2023 Opened by Tim Murphy during inspection
5/16/2024 – JWGs12 Flimsy 10.  Need to translate to SARPs change proposal in the next draft.

	26
	Should we use Beidou or BDS in SARPs – currently inconsistent use of Beidou, BDS and BeiDou
	Group
	Status Closed:
11/24/2023 Opened by Tim Murphy during inspection
12/1/2023 – BDS is used in the core constellation SARPs so we should be consistent.  Will be incorporated in next draft.
12/1/2023 – Closed based on discussion and decision at JWGs11

	27
	Is APD coded as 0 still a thing after the removal of GRAS?  Table B-72 gives a higher range of values for APD coded as 0.  Should this be removed with the GRAS stuff?  Also see section 3.6.7.2.1.1.3 which says if no FAS datablock then MT 2 ADB1 is required.
	
	Status Open:
11/24/2023 Opened by Tim Murphy during inspection
12/1/2023 Closed – Discussion at JWGs11 – Decided to keep it.

	28
	Need to add section on VPL_iono
	Murphy + ?
	Status Open:
21/1/2023 – Opened due to discussion at JWGs11 and review of Draft 0.9
5/16/2024 – JWGs12 – GWG discussed whether VPLiono was needed in SARPs or if it could just be in the MOPS.  Reached consensus that it should be in the SARPs.  – Needs a proposal in the next version of the Draft SARPs

	29
	Need to add a section on protocol for propagation of sigma for variable rate smoothing.
	Murphy
	Status Open:
21/1/2023 – Opened due to discussion at JWGs11 and IP 8.


	30
	Are we going to add a new positioning service type?
	
	Status Open:
12/1/2023 – Opened due to discussion on GWGs11 IP 10

	31
	Do we need C1 and C2?  Will they ever be available when D1 or D2 are not available?  What’s the integrity paradigm for those service levels?
	
	Status Open:
21/1/2023 – Opened due to discussion at JWGs11.



	32
	If we synchronize ephemerises, which ephemeris data to use? (F1, or F2).
	Andreas
	GWGs13 WP 13
5/16/2024 – JWGs12 Flimsy 10 makes an initial contribution.  Andreas will bring a more detailed paper to the ad-hoc group meeting

	33
	What constellation state probability assumptions should we be using.  Can we give guidance so that everyone is using the same one?
	Morten Topland
	Status Open:
12/1/2023 – JSWG11 WP 14 -  Indra has the action to continue to work and eventually propose guidance.

	34
	Need to add Ephemeris CRC to MT 23
· Tim to propose a new MT 23 format to include this and other changes
	Murphy
	Status Open:
Opened GWGs12 during Draft 1.0 review.


	35
	Need Ephemeris Mask definition for F1 and F2 signals on all core constellations
	Need volunteers 
BeiDou: Action to Kun Fang (BUAA)
GPS: Mark Dickinson (FAA)
(ask Vlad by mail).
Galileo: Arlien 
Need volunteers for the others
	Status Open:
Opened GWGs12 during Draft 1.0 review-  Andreas to look at what was done for SESAR in 2016.
5/16/2025 – JWGs12 – Flimsy 10 
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V0.0 – Created during JWGS10
V0.1 – Modified by Tim Murphy – cleaned up the original version, added references to WPs as needed.  Assigned a few Issue Owners. (Added the Issue Owner Column)
V0.4 – After a review by SARPs Drafting ad hoc group 9/21/2023.
V0.5 through V0.6 – Created and updated during ad-hoc meetings
V0.7 – Created for JWGs12
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