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 	General

The GBAS Working Group (GWG) met virtually from June 20th – June 29th, 2022.  A joint GWG/SWG session was held on June 22nd, 2022.  In addition, a joint GWG/CNTWG meeting was held on June 29th, 2022.   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 6 working papers and 10 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 18 –GBAS Implementation Status in China
This paper provides the GBAS status in China. In addition, the paper discusses China’s preferences with respect to GBAS DFMC development.  The general GBAS status will be discussed under this agenda item and IP 18 will be considered again under agenda item 4, FMC GBAS.  

As pointed out by Roadmap for the Implementation of BeiDou Navigation Satellite System (BDS) for Civil Aviation Application in China, the development of Ground-Based Augmentation System (GBAS) augmenting BeiDou Navigation Satellite System (BDS) is an important part of civil aviation preliminary facility construction in China.  There are 4 airports in China installed with GBAS ground stations, which are all GAST-C GBAS stations, they are the Shanghai Pudong International Airport installed with Honeywell SLS-4000, the Tianjin Binhai International Airport installed with The China Electronics Technology Group Corporation (CETC) LGF-1A, the Dongying Shengli Airport and the Zhoushan Putuoshan Airport installed with The Tianjin 712 Communication and Broadcast Co., Ltd (short for Tianjin 712) TDG-GLS-100.

There is great GBAS development potential in China at present. After the commissioning of BDS, augmenting BDS with GBAS has become an important demand.  GBAS projects being developed in China include the GAST C ground stations being constructed and for Certification use, as well as the GAST D stations in the research and development process. With the support of national funds and the demand of industry market, the single-frequency GBAS projects based on BDS have already been carried out. This is an important basis to carry out the future development of DFMC GBAS.  The current GBAS GAST C projects are mentioned above, and the GAST D stations are now under development and being tested by different manufactures.
 
From the GBAS project currently being researched by domestic manufacturers, the ground and airborne equipment of GBAS of the CETC and Tianjin 712 Company in the prototype stage all take BDS as an additional ranging source in addition to GPS. In the subsequent operation and development planning, GBAS based on BDS and GPS will be the focus of the current development in China.  At present, domestic GBAS GAST D and DFMC GBAS technology research are in the stage of technical demonstration and principle prototype.

IP 22 GBAS Status Update in Japan
This paper presents an update to GBAS development in Japan. The following subjects are discussed:
· Japan developed an ionospheric threat to define the anomalous ionospheric conditions in the low magnetic latitude region, and developed an integrity monitoring mechanism with an ionospheric field monitor (IFM) in order to address the ionospheric issues in the process of R&D and manufacturing/implementation of GBAS in Japan.
· Japan Civil Aviation Bureau (JCAB) installed the first GBAS at Tokyo international airport (HND), and is conducting CAT-I trial operation.
· Japan is conducting R&D on CAT-III GBAS with the GBAS prototype at Ishigaki airport (ISG).
· Japan is also conducting R&D on Dual-Frequency and Multi-Constellation (DFMC) GBAS.
· 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. 

Trial operations
JCAB awarded NEC Corporation a contract to manufacture and install GBAS at HND in 2016.  Operational trial of GBAS APCH started at HND in July 2020.  CAT-I GBAS approach procedures may be used for runway 34R and 34L of HND.  Applicable time is from 14:00 to 21:00UTC.  Two Japanese airlines, ANA and JAL, conducted GLS approaches.  Pilot feedbacks indicated GLS provided a more stable approach compared to ILS.

DFMC GBAS
Japan started R&D on DFMC GBAS in 2015.  DFMC GBAS will improve availability based on multi-constellation, and will mitigate the threat of ionosphere based on dual frequencies as well.  The testbed of DFMC GBAS developed and deployed in ISG in 2019.  Japan will contribute to ICAO activities on DFMC GBAS.

GBAS PROOF-OF-CONCEPT PROJECT IN THAILAND
Japan has initiated a joint technical collaboration between Japan and Thailand called the “GBAS Proof-of-Concept (PoC) Project” since early 2020 and expected to finish in March 2023.  The main objective of this collaboration project is to prove the feasibility of GBAS in low magnetic latitude region where the GBAS performance is affected by ionospheric irregularities (e.g., equatorial plasma bubble and scintillation).  GBAS PoC for equipment has already installed at Suvarnabhumi International Airport / Bangkok (BKK) and flight demonstration is scheduled in the late fall of this year.

GBAS R&D Status in Japan
Electronic Navigation Research Institute (ENRI) has been working on advanced operations by GBAS. Flight demonstration of RNP to GLS APCH were conducted at Hiroshima airport (HIJ) in April 2021 with a portable GBAS equipment. Path length and fuel consumption were reduced as compared with the conventional approach.Flight demonstration of GLS steep glide slope and offset approach at Takamatsu airport (TAK) were conducted in November 2021 (Figure 1). Airlines received a good reception on the demonstrated approach procedure which would enhance accesses to the airport.
Oral Reports on the Status of GBAS
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 support AIRBUS on the purchase study of a new Gast C station at Toulouse, taking advantage of the site and the reference antenna already in place. DSNA will also taking profit of Toulouse installation to do data collection on DFMC concept.

DSNA is still evaluating the opportunity to equip Paris CDG airport with GBAS cat-III.

DSNA is involved in EUROCAE WG28.

In the frame of the SESAR 2020 Wave 2 project on GBAS CAT III, DSNA and ENAC are mainly involved in the work related to the definition of the GBAS dual-frequency multi-constellation concept.

Status of GBAS in India
One GBAS system is installed at Chennai Airport, which is Honeywell’s SLS-4000. Due to ionospheric abnormalities like plasma depletions which occur after sunset and are known as night-time phenomena, it was decided to have Day-time operations only.
Approach procedures have been uploaded for 3 out of 4 RWY ends. Currently system is un-operational and necessary actions are being initiated for its certification.
GBAS Status in Spain
There’s one operational GAST C system at Málaga airport, supporting GBAS CAT I operations (24h hours) to two runway ends, and two experimental GBAS CAT III systems at Barcelona and Tenerife Norte airports, continuously used for research and technical validation within SESAR. The BCN system is a GAST F mock-up and the TFN system, a reduced GAST D prototype supporting GAST D technical validation for low-latitude regions and for GAST F and GPS/Galileo L5/E5a technical validation.
By the end of October, the airport operator published the call for tender for the procurement and installation of a GBAS GAST D ground equipment in Madrid-Barajas airport. The objective was to support precision approach procedures down to CAT II/III as an alternative to the existing ILS procedures. Nevertheless, the ground manufacturer did not submit a proposal for this call. The reasons were the international context of GAST D / D+ and the pandemic. A main issue was also the cost estimated for the ground subsystem certification. As a consequence, the airport operator has now to decide whether to relaunch the tender and in which terms.
GBAS Status at Eurocontrol
EUROCONTROL continued its past GBAS involvement unchanged. 

On GBAS implementation, main activities are monitoring and information dissemination, such as the ECAC flight plan Implementation monitoring, continuous updates of the iono model for Europe using GIMA (refers to IP19) and the provision of LATO and I-GWG (next meeting 6-9 September at EUROCONTROL Brussels). Civil – military interface  as regards GNSS applications, including GBAS is also covered. On the technical side work has progressed on PEGASUS tool maintenance and user support, as it is used for verification by different manufacturers, on SARPS and MOPS maintenance based on data evaluation and through CNTWG also on DOC 8071 coordination (WP13). 

Operational GBAS aspects that were covered are provided in WP’s to this meeting, notably WP 17 (GBAS Classification), IP 14 (PANS-OPS changes) and related GBAS changes in the AWO manual and in the PBN Manual, where GBAS is now mentioned as a position source for PBN operations. The European AWO rules have also been updated with GBAS material and are in the publication process.

As regards future GBAS implementation, the DFMC ad-hoc group led by EUROCONTROL has provided significant inputs to this meeting (WP16), as has support brought by the SESAR team 5WP13). PEGASUS monitor implementation and testing (GAST D, D+, F and possibly other options) are being prepared for the next meeting to allow easier comparison of the performance of different modes.
GBAS Status in the US
The FAA continues to support GBAS with the following ongoing activities which are supported and managed by the FAA Technical Operations/Operations Support/NAS Modernization Group/Advanced Systems Design Service (ASDS) Team lead by Shelly Beauchamp.

This group provides ground system implementation and operations oversight and is responsible for all SDA related approvals. The FAA has implemented a four phase process to review requests for GBAS ground station design approvals. The four phases consist of Intake, Transition, Assessment, and commissioning. Any modifications to the SLS-4000 will be reviewed prior to operational use.

The FAA has established a method for the reporting and coordination of GPS anomalies.  Anomalies observed by GBAS ground stations can be informally reported for further analysis.  Up to now civil GPS issues were usually only reported by pilots and were of a general nature.  The use of ground station observations will provide more specific details of the anomaly.

The Long-Term Ionospheric Anomaly Monitoring (LTIAM) project is continuing to look for Ionospheric conditions which might cause the GBAS Iono error bounds to be exceeded. As of this meeting none have been observed.  A presentation on the LTIAM project will be given later during this meeting.  

The FAA continues to meet with GBAS sponsors and potential sponsors.  This includes groups looking to optimize their airspace with advanced GBAS procedures. The Port Authority of New York and New Jersey is planning to install Honeywell SLS-4000 GBAS systems at LaGuardia International Airport (LGA) and John F. Kennedy International Airport (JFK) starting in 2023. They are planned to be operational by the end of 2024. 

San Francisco International Airport (SFO) started to provide GBAS service in March of 2022. There are now three GBAS equipped airports providing service in the U.S.  The total GBAS CAT I operations in the U.S. to date is 7968 with 4497 GLS operations at Newark Liberty International Airport (EWR) and 3471 GLS operations at George Bush Intercontinental Airport (IAH).  A method to count GLS operations at SFO still needs to be established.
GBAS Status in Australia 
Australia continues to operate GBAS Approach Service Type C (GAST-C) installations at both Sydney and Melbourne Airports. The Block 2 configuration of the Honeywell SLS-4000 GBAS is installed at these Airports. Since November 2018, GLS has been the expected approach method into both Sydney and Melbourne for those aircraft that are capable and operators certified. Australia is currently reviewing its GBAS strategy which will inform any future deployments.
GBAS Status in Singapore
Singapore is in the midst of seeking government funding on the GBAS program, and we have planned to start the GBAS implementation from 2025.
Status of GBS 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.

Agenda Item 1c: Coordination with other Panels and Groups on GBAS
IP 14 - Corrections related to GAST definitions in PANS-OPS Vol II
During the preparation to introduce GBAS CAT II on GAST C, some contradictions were encountered between PANS OPS Vol. 2 and Annex 10 Vol. I. 
A paper has been presented to IFPP to resolve the differences and was discussed at the IFPP15 WG meeting. It is attached for information of NSP and the relevant extract of the report is provided showing its disposition as acceptance without changes.  The last NSP report was at JWGs7 as IP12.
IP 8 - Status of EUROCAE WG-28
EUROCAE WG-28 (GBAS) has two main tasks in its Terms of Reference:
· Issue Change 1 to ED-114B Ground MOPS for GBAS GAST D
· Report on Multi-constellation/dual frequency GBAS

Both these tasks are due to be completed this year. This information paper presents the status of this work.
 
WP 17 - GBAS Classification for Operational Use
Requirements and guidance on the operational use of the GBAS classification has to be provided in ICAO PANS-OPS (DOC 8168) Vol 3 and the AWO Manual (DOC 9365). This paper provides the proposed material for discussion and coordination between NSP and FLTOPSP.

FLTOPSP requested not only PANS-OPS but other requirements for states.
· GBAS classification information must be provided by service provider to the state and then published in the AIP (PANS-AIM)
· (Cert documents)
· Use of the data by the aircraft operator (typically PANS OPS)
· Proposed PANS-OPS changes
· More operator guidance is also provided in DOC 9365 (AWO Manual)

The meeting was invited to:
· Note the material provided in the paper and its attachment;
· Provide comments to the proposal in section 3 and, if required, also to Attachment B of the IP02 attached;
· Request that an appropriately updated IP02 be provided to FLTOPSP as WP.

The group noted the material provided in the paper and an action was given to all GWG members to provide comments to the proposal in section 3.  (see Action Item 246 in Attachment C).  Comments should be provided to Andreas Lipp by the 5th of September 2022.

Next meeting of the AWO subgroup is in early September. 
IP 27 - 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.  Note that the DFMC GBAS MOPS and ICD deliverables & schedules have been coordinated and aligned with the ICAO GBAS Working Group (GWG).

· 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), and 

· 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 among RTCA SC‑159 and the ICAO NSP (as well as with other organizations).
[bookmark: _Ref88025986]Agenda Item 1d – GNSS Manual
No new material was brought for this agenda item.  However, there was a short discussion of material to be included in the new GBAS Manual during the joint GWG/SWG meeting.  In addition, during the meeting, an advisor to the IATA panel member noted some material about GBAS that seemed to be missing from the current draft of the Manual.  
Flimsy 7 - GBAS based approach information
This flimsy includes proposed additional paragraphs for the GNSS manual draft presented in WP11.  Upon inspection it was noted that section 7.9 of the draft manual (as presented in WP 11), included sections on GNSS-Based Approach Procedures and SBAS-Based Approach Procedures.  However, there was no similar section concerning GBAS-Based Approach Procedures.  The flimsy included a new section 7.9.4 titled GBAS-Based Approach Procedures, with some sub-sections giving some general information.  The group agreed that having some material in this section was a good idea and that this should be addressed as part of the current modification to the GNSS Manual.  A small ad-hoc group volunteered to refine the proposed sections.  (See Action Item 248 in Attachment C).  The group will work by email in order to mature the proposal by July 8th and provide the input to Jason Burns for inclusion in the Manual.

[bookmark: _Ref88046276]Joint Meeting of GWG and the Spectrum Working Group (SWG)
A joint session of GWG and SWG was held on 11/10/2021.  The joint session considered 3 topics
· Publication of ICAO DOC 9718, Vol. II, chapter 6 on GBAS VDB frequency assignment planning - IP 31 to this meeting
· Current status of EUROCAE ED114B change 1, including the new appendix Q, covering GBAS VDB same-airport compatibility guidance
· Steps towards a GBAS Manual

IP 31 - Doc 9718 - Handbook on Radio Frequency Spectrum Requirement for Civil Aviation – Volume II – Frequency assignment planning criteria for aeronautical radio communication and navigation systems Second Edition, 2022
ICAO Doc 9718 has been published and was made available to the meeting as as IP 31.
Earlier version had only Chapter 1 and 2 on Methodology and VHF Com respectively.  This latest version added chapters for ILS, VDB and VOR. 

The handbook includes a new version of the ITU-R propagation model P.528-5.  The “-5” version has a frequency range to 125 MHz to 15,500 MHz.  An extension of the frequency range for Recommendation ITU-R P.528-5 to include the band 108–124 MHz is in progress. This revision is expected to include material relevant to horizontally polarized radio signals.  

A corrigendum to this latest version of 9718 is expected.  There are several editorial errors (or shortcomings) that have been identified in Chapter 6.  

The publishing of the corrigendum may be an opportunity to add a note pointing to EUROCAE ED 114B appendix Q covering GBAS VDB same airport compatibility analysis.

An action was given to all GWG members to review 9718, particularly Chapter 6 to identify errors and shortcomings to be addressed in the Corrigendum.  (See Action Item 244 in Attachment C).  Comments should be provided to Felix Butsch prior to the next NSP meeting (planned for Dec 2022).  Felix Butsch coordinated with Loftur (secretary of FSMP) who confirmed that comments by the NSP 7 would be timely for inclusion in the corrigendum.  

There is a software package to support frequency planning that now includes GBAS.

The European view is that frequency management group needs to look at whether they need to update their regional criteria.  Next week in a joint GSG/CNTWG session they will be discussing deletion of obsolete frequency planning rules.

There was discussion of the three-dimensional depiction of the GBAS DOC.  This figure was originally planned to be put it into Annex 10 attachment D.  It was omitted in the original validation exercise for the last amendment.  GWG was supposed to get it in by State letter response from the UK.  But that was missed.  The only real difference between Figure 6-1 and the 3D version of Figure 6-1 is that the 3D version includes the coverage for autoland and guided takeoff.  The 3D version was last discussed in JWGs7 WP 18.  Suggested as a maintenance action, but was not implemented.  After some discussion it was decided that the 3D figure should not be suggested for the corrigendum.  It was deemed as not really practical for frequency planning facilities and that it could create confusion.
 
EUROCAE ED-114B Change 1
ED114B Change 1 currently being produced by EUROCAE WG 28 includes the same airport compatibility material developed by GWG over the last few years.  The Change 1 document should be out for review and comment (open consultation) in a couple of weeks.  An action was given to Linda Lavik to announcement to the GWG and SWG mailing lists when the Change proposal goes out for open consultation.  (See Action Item 245 in Attachment C).  Linda reported that there is nothing new in the document from what GWG has reviewed many times.
 
GBAS Manual discussion
There was a brief discussion on the GBAS Manual.  Due to other work load no progress was made on the GBAS Manual since the last meeting and no papers were brought on this agenda item.  Felix Butsch asked if the long-term objective was to move the same airport compatibility material from ED-114B Change 1 into the GBAS Manual.  Andreas Lipp pointed out that JWGs8 WP-13 – presented planning contents of the future GBAS Manual and that the outline included the same airport compatibility information.
Agenda Item 2a VDB Related Issues

IP 31 was covered in the Joint GWG/SWG meeting discussed in 5.0 above.  Otherwise there were no inputs for this agenda item. 

Agenda Item 2 b New Maintenance Issues
WP 10 - Removal of SARPs for Ground Based Regional Augmentation System (GRAS)
Standards and Recommended Practices (SARPs) for the Ground-Based Regional Augmentation System (GRAS) were introduced to Annex 10, Volume 1 in Amendment 81 (2006). GRAS has been overtaken by other developments and the State originally championing the system discontinued their program over a decade ago. There appear to be no interest from other States to implement a GRAS.

This paper proposes the removal of GRAS SARPs from Annex 10, Volume 1.
The Ground-based Regional Augmentation System (GRAS) is an adaptation of the Ground Based Augmentation System (GBAS) with characteristics of the Satellite Based Augmentation System (SBAS). GRAS utilised a widely space network of reference stations, central processing facility and distributed Very High Frequency (VHF) data broadcast stations like the GBAS broadcast data link.
The NSP has to this point chosen to leave the GRAS SARPs in Annex 10 on the basis that they are doing no harm and removal is low priority. The retention of GRAS SARPs does require ongoing maintenance to ensure compatibility with other innovations.  
The development of other solutions, particularly the wide proliferation of Satellite Based Augmentation Systems (SBAS) has made the GRAS concept obsolete. GRAS has been overtaken by other developments and the State originally championing the system (i.e. Australia) discontinued their program over a decade ago. There is no known ongoing or future implementation of a GRAS by any State and there are no avionics available. 
It was noted by the group that a current proposed concept by DLR, GLS Approaches based on SBAS (GLASS), would use some elements of GRAS (e.g. the GBAS Service Types A and B).  However, no state has actually proposed implementing GLASS.
It was also noted that one State who has expressed interest in GRAS in the past (Russia) was not in attendance at this meeting.
Proposed SARPs Annex 10 changes are shown in the Attachment to WP 10.
The meeting was invited to:
a. Review the proposal to ensure GRAS has been removed and there is no consequential impact on SARPs to be retained, and
b. Recommend this change proposal be implemented at a time of editorial convenience.
A detailed line by line review of the change proposal was not done by the meeting. 
After some discussion the group decided to propose to the plenary meeting that GRAS be deleted from the SARPs.  GWG proposes to develop a work plan for validation of the change in conjunction with the next “editorial convenience”.
Agenda Item 2d Ionosphere Issues
IP 19 – FAA Long-Term Ionospheric Anomaly Monitoring (LTIAM) Continued Vigilance Program
This information paper presents the current status and observations of the FAA Long-Term Anomaly Ionospheric Monitoring (LTIAM) project, which is tracking the Ionospheric activity in the US CONUS airspace.

The FAA’s Continued Vigilance Program (CVP) was developed to ensure that Ground-based Augmentation Systems that enhance the performance of the Global Positioning System (GPS) are robust to Ionospheric anomalies and irregularities in the mid-latitude CONUS region. To achieve this goal ionospheric activity is continually monitored in CONUS with the LTIAM tool to confirm that the mid-latitiude CONUS GBAS Threat Model continues to bound the existing anomalous Ionospheric threat.

The GNSS laboratory of Korea Advanced Institute of Science and Technology (KAIST) and Tetra Tech AMT developed the LTIAM tool for GBAS. This tool is used to validate a Ionospheric anomaly threat model, evaluate its validity over the life cycle of the system, continuously monitor Ionospheric anomalies, and update the threat model if necessary. The various functional aspects of the LTIAM tool are described in the paper.

At the time of this report, the observations to date have not exceeded the GBAS Ionospheric bounding limits for GPS.

Agenda Item 2 f), Tropospheric Issues
WP 25 - Validation and Proposals of the Guidance on the Tropospheric Parameters for GBAS
This paper provides validation of the additional guidance on the tropospheric parameters for GBAS.  A consolidated guidance material derived from the previous WPs (JWGs/7 WP 6 and JWGs/8 WP 22) with some additional modifications is proposed.

The JWGs/7 WP 6 proposed a guidance material on the tropospheric parameters for GBAS ground subsystem. The tropospheric parameters include the tropospheric refractivity, its uncertainty and scale height. The paper mainly discusses how to determine the tropospheric scale height. 

The JWGs/8 WP 22 proposed an additional guidance on determination of the tropospheric parameters focusing of how to determine them. The meeting found that a validation on the determination of the tropospheric parameters were necessary especially on how to account for the variability of the tropospheric parameters.

This topic was discussed by the ionospheric gradient monitoring (IGM) ad hoc group of the GWG. A large meteorological data set of the tropospheric parameters observed at German airports (Attachment A) was provided by DFS and processed by Indra with the IGM ad hoc group and was discussed extensively.

Based on the discussions in the previous WPs (JWGs/7 WP 6 and JWGs/8 WP 22) and the IGM discussions, guidance material, which is written in the form to be added to the Annex 10 Attachment D is proposed in WP 25. The text and equations proposed in the previous WPs are marked by a yellow color. The text modified or added based on the discussion above is marked by a cyan color.
The meeting was invited to:
a)	Review the contents of this paper; 
b)	Consider the proposed guidance for inclusion in the guidance materials for GBAS; and
c)	Consider this material as a partial validation of the proposed guidance on the tropospheric parameters.;
After some discussion by the meeting it was decided that the material in WP 25 is ready for inclusion in the SARPSs Annex 10.  GWG will propose to the NSP Plenary session that this material be included in the next SARPs revision.  Towards that end, Flimsy 9 was prepared and circulated to the Validation Sub Group (VSG) for review prior to the plenary.  Flimsy 19 will be presented to the plenary session. 

Flimsy 9 Validation and Proposals of the Guidance on the Tropospheric Parameters for GBAS
This paper presents proposed amendment for Annex 10 Attachment D for additional guidance on the tropospheric parameters for GBAS with a validation matrix for the proposed amendment.  The paper is a consolidation of the material proposed in WP 25 along with the validation matrix giving the details regarding the validation of the material.  Most sections of the proposed guidance material were validated by inspection.  However, the guidance material on Determination of tropospheric parameters (proposed section D7.5.5.3) was validated by inspection and analysis as described in WP 25.

The NSP plenary session is invited to:
a)	Review the contents of this paper;  and 
b)	Consider the proposed guidance for inclusion in the guidance materials for GBAS in Annex 10 Attachment D
[bookmark: _Ref88148796]Joint GWG /CNTWG Meeting.
WP 13 - DOC 8071 V2 UPDATE
This paper contains proposals for amendments to Doc 8071 V2. Over the last years, several proposals have been submitted for updates to different parts of Doc 8071 V2. This paper combines the latest drafts for the individual chapters into one document.
The meeting was invited to:
1) Review and provide feedback on the new text and comments contained in appendix A and/or B of this WP.
2) Identify and work to close the remaining open items.
The plan is to have a mature draft of this material by NSP/7.  There is still some editorial work to be done.  WP 18 includes some additional proposed changes that will be captured prior to NSP/7.

Additional information about the group’s discussion of WP 13 can be found in the CNTWG meeting report.


WP 18 - New GBAS VDB Measurement Mode in the Digital Domain
In EUCOCAE WG-28 meeting N44 the group had a brainstorming session about improved methods for VDB level measurements. The selected new VDB level measurement method in the complex plane can provide up to 633 level measurement per burst instead of 1 measurement per bust with the currently recommended method. This helps for example to measure power variations within each burst. Thereby the new method better supports high vehicle speeds and measurements in regions where the VDB power is changing with high gradients. 
The history, background and results from lab and ground testing at Frankfurt airport can be found in the attached IFIS 2022 paper. 
This WP complements the material and provides draft wordings for Doc 8071 Vol. II chapter 4 and SARPs maintenance. Target is to add this method to the list of choices.
The meeting was invited to:
· Take notice of the information and results provided in this WP including the attachment.
· Improve the draft wording for the Doc 8071 Vol. II chapter 4 update provided in this WP and include the improved wording in the upcoming update of Doc 8071 Vol. II so that this promising method can be used for VDB measurements in the near future.
· Improve the wording for the next SARPs update provided in this WP and put the final wording on the SARPs maintenance list for inclusion in the next update. GBAS.
· Bring final changes to the attention of CNTWG for incorporation in the upcoming Doc 8071 Vol. II update.

After some discussion the group agreed that the new measurement types would be included in the Doc 8071 update.  In addition GWG would capture the proposed Annex 10 SARPs changes to be included in the next maintenance update.

Winfried Dunkel took an action to produce a Flimsy with the change proposals (both Doc 8071 Vol II and the Annex 10 changes) as an output of the meeting.  See Flimsy 20.

[bookmark: _GoBack]
Agenda Item 2g – Multipath Modeling and Validation
IP 3 – Airborne Multipath and Antenna Error Models Before Smoothing Filter Convergence
This paper provides an update on the Airborne Multipath and Antenna error models, including a validation analysis. It specifically addresses the error models during the smoothing filter transient phase. The final models to be used during the filter transient phase consider a time-invariant filter for the derivation of the single-frequency L1/E1 and L5/E5a models, and a time-variant filter configuration for the derivation of the dual-frequency model.

The work presented in this paper has been performed in the frame of DUFMAN, a project funded by the European Commission under the Horizon 2020 R&D Framework Programme, and with the support of the EC Joint Research Centre (JRC), in Ispra. The goal of the project was to develop the airborne multipath and Antenna Group Delay Variation (AGDV) error models for dual frequency and dual constellation applications Galileo E1/E5a and GPS L1/L5 frequencies. In addition, single frequency models GPS L5, Galileo E1 and Galileo E5a have been addressed.

The methodology and results of the DUFMAN project have been presented to NSP on several occasions starting at NSP 5 in 2018.  The paper recounts the history of the development and the various papers that have been presented to NSP.  The main innovation covered in this paper is to add proposed Airborne Multipath models to be used during the smoothing filter transient phase.  This work was done primarily for application to DFMC SBAS.  It was noted by the group that the work is also very relevant for DFMC GBAS.  However, some differences between DFMC SBAS and GBAS .  Joel Wichgers (RTCA SC-159 WG 4 chair) noted that some additional reprocessing and analysis of the data would be useful for application to DFMC GBAS.   An action was given to Joel Wichgers to lead an ad-hoc activity to consider necessary adaptations of the DUFMAN results to support DFMC GBAS.  (See Action Item 247 in Attachment C).  The ad-hoc activity should consider at a minimum:
a) Impact of longer smoothing intervals on the results
b) Impact of DFree smoothing vs. Conventional smoothing for filter convergence characteristics
c) Use of the variable rate smoothing for single frequency operations

Some progress report on the ad-hoc activity is expected at NSP 7.

Agenda Item 4a - DFMC Programs and Projects
IP 13 - SESAR GAST F Activity Status (Rev 3)
This information paper gives an overview of the DFMC GBAS activity status carried out in the SESAR programme in the last 6 months. It covers integrity and continuity aspects. In addition to this, the traceability of these aspects into ongoing SESAR Validation activities is provided.

There was a good bit of discussion around section 2.3.4 on the number of critical satellites.  

The meeting was invited to:
· Note the information presented in this paper; and
· Provide comments and suggestion to the outlined SESAR GAST F activity status.
· Use the material presented as an input for DFMC GBAS standardization.

The group noted the good work presented in the paper and added the paper to the validation history against action item 85 in Attachment C.

IP 21 – DFMC GBAS Test Bed and Flight Trials
This information paper reports on the current status of the DFMC GBAS testbed developed by ENRI and results of DFMC GBAS flight data collection campaign conducted in March 2022.

Electronic Navigation Research Institute 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 was first installed at the Sendai Airport, Japan, and then relocated to the New Ishigaki Airport in 2019 by replacing the GAST D ground experimental prototype used in the GAST D SARPs validation activities. The airborne mockup was developed based on the GAST D airborne experimental system.

The DFMC GBAS ground mockup software is designed to be able to test different concepts. It can generate Message Types (MTs) 42 and 50 proposed in the SESAR GAST F concept. MT-23 proposed in the GAST X concept can also be generated.

The paper describes a flight demonstration campaign conducted in February and March 2020.  Because the DFMC GBAS concept has not been fixed yet, the DFMC GBAS ground mockup was operated without online GBAS message generation and only to collect GNSS data. Thus, the airborne mockup was also operated only to collect GNSS data in the airborne condition.  Two flights, one in the daytime and another in the nighttime, were made every day. Five approaches were made during each flight, and data from 30 approaches in total were collected.  Although all the flights were made without technical problems and data were all successfully obtained, unfortunately, ionospheric conditions were quiet throughout the campaign.

To obtain data under disturbed ionospheric conditions, additional flight data collection campaigns are planned in October 2022 and March 2023. The campaign in October 2022 is planned for two weeks to increase the probability to encounter disturbed ionospheric conditions. Design of the campaign in March 2023 is subject to the results of the October 2022 campaign. The results will be shared with the GWG and will offered for discussion in the IGM and DFMC GBAS Concept ad hoc groups.
IP 17 – Status of GBAS Implementation Support Plan in Europe
This IP summarizes latest discussions on the consideration of GAST D+ as an intermediate step towards DFMC GBAS. It also presents some key messages from the European GBAS Implementation Support Plan group (i.e. European Commission, EUSPA, SJU, EASA, Eurocontrol and SDM).

At ICAO JWGs/8 in November 2021, Panel Members from European Commission (EC), Eurocontrol, France, Germany, Italy, Spain and Switzerland requested the extension of GAST D SARPs to support the L1 single-frequency signals of all aviation-standardized GNSS constellations (i.e. including Galileo and BeiDou). Such extension would represent a short-term, intermediate step towards dual-frequency multi-constellation GBAS (DFMC GBAS).  It was agreed that GWG would consider a two-step process for DFMC SARPs development. An action was assigned to the DFMC GBAS architecture ad-hoc group to layout a plan for a two-step approach (i.e. multi-constellation GAST D first, followed by a second update for full DFMC GBAS). The plan should capture all dependencies with other standards (e.g. the development of airborne and ground station MOPS). The ad-hoc group should coordinate the plan with RTCA and present it at GWG meeting in Q2 2022. The plan should include estimates of the impact on the ultimate availability of DFMC GBAS and should include what a modified job card would look like. The proposal should be a detailed enough plan to facilitate the decision on its endorsement at JWGs/9.

GAST D+ solution was presented at EUROCAE WG-28 on the 20/01/22 and at RTCA SC-159 WG-4 on the 31/03/22.  Neither RTCA nor EUROCAE did converge on the need to develop ground and/or airborne receiver GAST D+ MOPS as an initial step towards future DFMC GBAS standards. It was noted that the involvement of airborne industry would be essential to develop GAST D+ receiver and the corresponding standards, as well as to perform air-ground compatibility assessment in order to demonstrate the overall feasibility of GAST D+ concept.

From the information collected over the last few months in Europe, there seems not to be a pressing need to implement GBAS Cat-III from aircraft industry perspective given the lack of GBAS ground segment deployment. Several stakeholders pointed to the need to explore new operational use cases beyond the pure replacement of ILS-based Cat-III operations, to bring additional benefits and justify the investment.

The key messages in the paper are as follows:
· In the light of the above, the European institutional Stakeholders take note of the lack of a positive dynamic for the implementation and adoption of GBAS GAST D as well as for the standardization of a possible alternative GAST D+ allowing the use of additional constellation.
· It this context, it is therefore believed that the best course of action is to proceed with the development of full DFMC GBAS standards in the best delays, under the understanding that this should significantly broaden the operational benefits and therefore positively tilt the cost benefit for GBAS Cat III.
· EU stakeholders will be supporting the effort to develop DFMC GBAS standards by ICAO and EUROCAE/RTCA. 
· Prototyping of DFMC GBAS solutions augmenting Galileo can already benefit from the recent SESAR 3 calls.
· Various actions will also be undertaken in Europe to assess a broadening of possible use cases for DFMC GBAS with an objective to also address regulatory aspects for possible new operations.

Agenda Item 4.c) Plan for DFMC SARPS development
WP 16 – DFMC GBAS ad Hoc Status and Alternatives on the Way Forward 
This paper presents the current status of activities in the DFMC GBAS ad-hoc group and proposes three alternatives for the way forward, with details on their implementation aspects. It is intended to support discussions within the GWG and NSP as to the choice of the way forward.
As consequence of the presentation of the high-level concept for DFMC GBAS (WP34 and WP35) to GWG at NSP JWGs8 in November 2021 and the presentation of WP40 proposing the inclusion of GALILEO into GAST D (the “GAST D+” proposal) the remit of the work of the NSP DFMC ad-hoc group was expanded to provide a proposal with detailed timeline for consideration by the NSP JWG plenary in June 2022. 

The ad-hoc group has discussed various elements of the GAST F, GAST X and GAST D+ proposals and has shared them with RTCA SC159 WG4 and EUROCAE WG28 in 2021 as well as a number of alternative proposals in the meetings in March and April 2022, which have brought to light a number of issues with each of three proposals presented.

Even with feedback from EUROCAE and RTCA, the members of the ad-hoc were unable to converge on a single way forward; therefore, four different proposals are presented with their advantages and drawbacks as discussed since last NSP JWGs. This paper presents the background for the four proposals and provides details on them. 
The members of GWG were asked to decide, which of the proposals should be further elaborated in the period between NSP JWGs/9 (June 2022) and NSP/7 (Nov/Dec 2022) to fulfil the ad-hoc objective of proposing a single DFMC GBAS concept.

Scenario 1: DFMC for CAT III (Current NSP baseline scenario)
· DFMC Concept by end 2022
· DFMC Baseline development standard by 2024
· Validated DFMC SARPS for publication was discussed by 2028-2030 – assumed applicable by 2030
· DFMC Ground MOPS and airborne MOPS available by SARPS applicability date
· DFMC Approval process assumed 5 years (GAST C took 9 years – can only start once SARPs and MOPS are stable)
· DFMC CAT III Operations thus assumed possible from 2034

Scenario 2: Rapid extension to use of multi-constellation single frequency
· Development is split with GAST D+ (Single Frequency Multi Constellation (SFMC) GAST D) development first followed by full DFMC GBAS development
· GAST D+ concept by end of 2022
· GAST D+ baseline development standard by mid 2025
· Validated SFMC SARPs for publication by early 2027 (Assumed applicable by 2028)
· DFMC Concept by end 2024
· DFMC Baseline development standard by 2027
· Validated DFMC SARPS for publication was discussed by 2029 – assumed applicable by 2030
· DFMC Ground MOPS and airborne MOPS available by SARPS applicability date
· DFMC Approval process assumed 5 years (GAST C took 9 years – can only start once SARPs and MOPS are stable)
· DFMC CAT III Operations thus assumed possible from 2034-2035
· This scenario assumes that GAST D and D+ developments would be accelerated to allow GAST D+ operations before the end of the decade.

Scenario 3: Directly standardize DFMC GBAS by focusing on new applications 
· CAT III operations not prioritized – assumed to be conducted with ILS or local GAST D implementation.
· DFMC Concept by end 2022
· DFMC Baseline development standard by 2026 (VDB and Position service integrity)
· DFMC Validated SARPS for publication by 2030 – assumed applicable by 2032
· Ground MOPS and airborne MOPS available by SARPS applicability date
· Approval process assumed 7 years (GAST C took 9 years – can only start once MOPS stable)
· Operations thus assumed possible from 2037

Scenario 4: Progress towards DFMC CAT III application, considering future applications from the outset

· DFMC Concept by end 2022
· DFMC CAT III Baseline development standard by 2025
· Validated DFMC SARPS for CAT III for publication – assumed applicable by 2030
· DFMC CAT III Ground MOPS and airborne MOPS available by SARPS applicability date
· DFMC CAT III Approval process assumed 5 years (GAST C took 9 years – can only start once MOPS stable)
· DFMC CAT III Operations thus assumed possible from 2034
· DFMC future operations requirements definition by end 2024 (required to integrate in CAT III baseline development standard)
· DFMC future operations requirements architecture and data transmission by end 2027
· DFMC future operations baseline development standard by 2030
· DFMC future operations validated SARPS and MOPS completed by 2034, applicable by 2036
· DFMC future operations approval process assumed 5 years
· DFMC future operations assumed possible by 2041

The meeting was invited to:
1. Note the contents of the four scenarios and the arguments advanced in the Attachments to the document; 
2. Provide comments as needed;
3. Provide guidance whether, in light of the information presented, GAST D is still seen as a necessary intermediate implementation to DFMC GBAS;
4. Choose one scenario of the four or recommend an agreed alternative scenario;
5. Task the ad-hoc to detail the resulting scenario until NSP/7.

After considerable discussion the GWG agreed that
· GAST D is still seen as a necessary intermediate implementation on the path towards DFMC GBAS.
· A variation on Scenario 1 would be chosen (dubbed Scenario 1b).  The modified scenario entails pursuing full DFMC GBAS with all possible speed and intorducing a decision point in at the milestone where a Baseline Development standard would be completed.  If at that time, full DFMC GBAS development has been delayed, and  if circumstances in the industry have changed to make GAST D+ development more attractive, then the GWG would decide to propose a GAST D+ baseline development standard for validation.
· The ad-hoc was tasked to develop the details of the resulting scenario between JWGs9 and NSP/7.

Flimsy 19 - GWG Discussion outcome on DFMC GBAS Way Forward
This Flimsy presents the outcome of the GWG discussions during JWGs/9. It is intended to support discussions to detail the way forward within NSP and specifically the DFMC ad-hoc. The scenario retained is based on Scenario 1, but recognizing that GAST D implementation as currently standardized, including its message format, is a necessary implementation step to any DFMC standardization. Another necessary mitigation for potential DFMC standardization risk is the inclusion of GAST D+ as a fallback mode in the DFMC standard, but whose separate implementation would only be decided, should unforeseen delays in full DFMC standardisation occur. The Flimsy also contains an initial workplan and teleconference dates to conclude the ad-hoc objective of a detailed concept by the NSP/7 meeting.


[bookmark: _Ref55201747][bookmark: _Ref55372686] GWG 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) 
· 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.
Review of the action matrix
The GWG reviewed the action matrix (Attachment C).  Two actions were closed (AI 237 and AI 240).  Five additional actions were opened, Actions 244 through 248 in Attachment C.
DFMC Work Plan
Table 1 remains the currently accepted schedule for the development of DFMC GBAS.   However, per the discussion of 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 2021
	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 2022
	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
· Supporting prototype ground implementations for validation

	2028*
	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 architecture trade studies (action 85) is expected to work intensively over the next half year to converge on and DFMC GBAS concept.  They are currently meeting with a cadence of once every two weeks.
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 GWG will 
· Review work brought by states doing work to implement GBAS (GAST C and GAST D)
· Assist in the coordination of work between States during implementations.
· Maintain a list of (validated) maintenance changes to the SARPs.
· Maintain an Ad Hoc group to work on Ionospheric Monitoring issues 
· Maintain an Ad Hoc group to work on DFMC GBAS and Architecture
  
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 develop a work plan to remove GRAS SARPs from Annex 10.

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 Matt Harris at Matt.Harris@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 JWGs9.  Some work remains to be done, and ______.

	 Summary and Conclusions
This was a successful meeting of GWG.  The work of GWG over the last year since NSP 6 has been relatively brisk with significant conceptual developments accomplished in the context of both GAST F and GAST X.  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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Agenda
[bookmark: _Ref55201482]Proposed Agenda
1)   Misc GWG Business
a) Agenda review
b) Status of GBAS (IP 18, IP 22) 
c) Coordination with other panels and groups on GBAS (WP 17, IP 8, IP 14, IP 27)
d) GNSS/GBAS Manual (Flimsy 9)
2) GBAS SARPS Maintenance
a) VDB Related Issues (IP 31)
b) New Maintenance Issues (WP 10)
c) GNSS Interference and Spoofing ()
d) Ionosphere Issues (IP 19, Flimsy 9)
e) GBAS Expanded Service Volume ()
f) Tropospheric Issues (WP 25)
g) Multipath Modeling and Validation (IP 3)
3) GAST C & D Developments
a) Reports on programs/open issues 
	b) MOPS Update Status
	c) Update of Doc 8071 Vol 2 (WP 18, WP 13)
d) GAST D Implementation Issues ()
4) 	Dual Frequency Multi-constellation GBAS
	a) DFMC Conops ()
	b) DFMC Programs/Projects (IP 13, IP 17, IP 21)
	c) Plan for DFMC SARPS development (WP 16, Flimsy 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/9 
[bookmark: _Ref388864344]Working papers
	[bookmark: _Hlk100021781]WP No.
	Agenda Item
	Subject
	Presented by

	10
	2b
	GRAS Deletion
	Jeff Bollard

	13
	3c
	DOC 8071 V2 Update
	Gerhard Berz

	16
	4c
	DFMC GBAS ad-Hoc Status and Alternatives on the Way Forward
	Gerhard Berz

	17
	1c
	GBAS classification for Operational Use
	Gerhard Berz

	18
	3c
	New GBAS VDB Measurement Mode in the Digital Domain
	Morten Grandt

	25
	2f
	Validation and Proposals of the Guidance on the Tropospheric Parameters for GBAS
	Kuniyuki Matsuda





	


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

	3
	2g
	Airborne Multipath and Antenna Error Models before Smoothing Filter Convergence
	Eric Chatre

	8
	1c
	Status of EUROCAE Wg-28
	Tim Murphy

	13
	4b
	SESAR GAST F Activity Status (Rev 3)
	Gerhard Berz

	14
	1c
	Corrections related to GAST definitions in PANS-OPS Vol II
	Gerhard Berz

	17
	4b
	Status of GBAS Implementation Support Plan in Europe
	Eric Chatre

	18
	1b
	GBAS Implementation Status in China
	Wang Zhipeng

	19
	2d
	FAA Long-Term Ionospheric Anomaly Monitoring (LTIAM) Continued Vigilance Program
	Ken Alexander

	21
	4b
	DFMC GBAS testbed and flight experiment
	Kuniyuki Matsuda

	22
	1b
	GBAS Status of Japan
	Kuniyuki Matsuda

	27
	1c
	RTCA SC-159 WG-4 Status
	Tim Murphy

	31
	2a
	Handbook on Radio Frequency Spectrum Requirement for Civil Aviation – Volume II – Frequency assignment planning criteria for aeronautical radio communication and navigation systems Second Edition, 2022
	Secretary






Flimsies
	Flimsy No.
	Agenda Item
	Subject
	Presented by

	1
	1a
	Agenda and Material for the GWG Meeting
	GWG Rapporteur

	7
	1d
	GBAS Based Approach Information
	IATA

	9
	2d
	Validation and Proposals of the Guidance on the Tropospheric Parameters for GBAS
	Kuniyuki Matsuda

	16
	N/A
	Draft GWG Report
	GWG Rapporteur

	19
	4c
	GWG Discussion outcome on DFMC GBAS Way Forward
	GWG Rapporteur /Gary Berz

	20
	3c
	Proposed Doc 8071 Vol II changes and Annex 10 changes Related to VDB Measurement Techniques
	Winfried Dunkel
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[bookmark: _Ref70564863]Attachment C Action Item List at the output of the Virtual GWG Meeting June 29th 2020

	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)
	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

	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.
	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

	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



	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

	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.
	All GWG members
	A reasonable time before the next meeting
	Opened: JWGs5 WP 2

	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

	Andreas Lipp, Winfried Dunkel, Susumu, Jason Burns, Alessandro, Mark D.,
	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

	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

	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

	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

	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

	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

	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

	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

	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
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