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 	General

The GBAS Working Group (GWG) met virtually from April 26th – April 30th, 2021.  A joint GWG/SWG session was held on April 29th 2021 and a joint GWG/CNTWG session was held on April 30th 2021.   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 14 working papers and 7 information papers.  During the virtual meeting the group also reviewed the action items list (Attachment C) and discussed the future work program (Section 6.0).

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 6 - GBAS Implementation Status and Future DFMC GBAS Development Plan in China
This paper provides the current status of GBAS implementation and future plan of DFMC GBAS development in China.

As pointed out by Roadmap for the implementation of the BeiDou Navigation Satellite System for Civil Aviation of China published by the Civil Aviation Administration of China (CAAC), China will strongly promote the BeiDou System (BDS) in civil aviation application, actively build a GNSS technology-based civil aviation application system with the BDS as the core, and actively promote the development and operation of a new generation of air navigation system with the satellite-based positioning, navigation and timing. The development of Ground-Based Augmentation System (GBAS) augmenting BDS is an important part of civil aviation preliminary facility construction in China.

The current status of GBAS in China: as per NSP 5/IP 19 and JWGs/3 IP 21, there are three airports in China installed with GBAS ground stations, which are the Shanghai Pudong International Airport installed with Honeywell SLS-4000, the Tianjin Binhai International Airport installed with the CETC LGF-1A and the Dongying Shengli Airport installed with GBAS ground station prototype manufactured by Tianjin 712 Communication and Broadcast Co., Ltd(short for Tianjin 712). Besides, a new GBAS ground station is planned in Zhoushan Putuoshan Airport which will be the TDG-GLS-100 GBAS ground station manufactured by Tianjin 712. This new GBAS station is intended for the on-site test and flight test during the TDG-GLS-100 CAAC Approval process and for the long term it will be put into operation after obtaining the CAAC Approval. The GBAS ground stations mentioned above are all intended for CAT-I operation. Both The CETC and Tianjin 712 are making their efforts to upgrade the GBAS ground stations to be GAST D-qualified. 

The DFMC GBAS development plan in China: The third phase of BDS (BDS-3) was announced commissioning on July 31, 2020. The BDS SARPs as well as other new developed GNSS SARPs were reviewed and approved by NSP in November 2020. China would like to promote the combination of BDS with other core constellations to be augmented by DFMC GBAS and promote the application of DFMC GBAS in China. The BDS B1C signal centered at 1 575.42 MHz and the B2a centered at 1 176.45 MHz are to be augmented by DFMC GBAS. Researches on DFMC GBAS with the BDS as one of the constellation options are the focus of GBAS work in China.
[bookmark: beginning]IP 7 – Status of GBAS in Japan
This paper presents an update to GBAS development in Japan.  Japan developed the ionospheric model and performance monitoring device in order to address the ionospheric abnormality in the low magnetic latitude region in the process of manufacturing 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 CAT3 GBAS with the GBAS prototype at Ishigaki Airport (ISG).  Japan is also conducting R&D on Dual Frequency Multi Constellation (DFMC) GBAS, and will contribute to ICAO activity.

CAT1 GBAS Activity: 
Japan started R&D of GBAS, and installed the first prototype at Kansai international Airport (KIX) in 2011.
Japan developed ionospheric threat modeling in order to meet the requirements for CAT-1 operations in the low magnetic latitude region.
Japan developed IFM (ionospheric field monitor) to mitigate the navigation error due to the ionospheric abnormality.
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.

Trial operations at Haneda:
CAT-1 GBAS approach procedures for HND runway 34R and 34L were published.
Applicable time is from 14:00 to 21:00UTC. 
Two Japanese airlines, ANA and JAL, conducted GLS approaches.
Pilot feedback indicated GLS provided a more stable approach compared to ILS.
GBAS at HND will provide CAT-1 approach service in FY2021 starting with operation for RWY 34 R/L at night and early morning as an initial phase.  
Thereafter a next phase is planned where expansion of the time used and runways served will be implemented following consultation with ATC and other stake holders.

CAT3 GBAS Activity:
Japan developed a CAT-3 GBAS prototype for safety assessment and analytical method in 2014.
Japan contributed to ICAO activity on CAT-3 GBAS.
The status of the introduction of (GAST D) CAT-III has not been determined at the moment.  The aircraft GBAS equipage rate will need to be considered.  

DFMC GBAS Activity
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 activity on DFMC GBAS.

IP 15 – Status of GBAS in Russia
This paper provides an overview of current GBAS development status in Russia. The majority of Russian airports have access to CAT-I procedures implementation. Most of these airports have opportunity for approach from one runway end and some of them don’t have ILS.  In this case installation of GBAS stations is very important.  More than 125 LCCS-A-2000 (GBAS DCPS, GAST A, B, GAST C) stations have been successfully passed flight test and operated at Russian airports.	   
· GBAS operates 2 runways at 13 airports.
· GBAS operates 3 runways at 1 airport.
· 19 airports use only GBAS and other systems of landing are not installed.
· At 36 airports, ILS provides only one landing course, while GBAS provides two landing courses.
· Since 2011 to the present in Antarctica tool landing approaches on GLONASS/GPS      (Il-76 aircraft provided by “Volga Dnepr”) with use of GBAS (LCCS-A-2000) on ice airfield as the only means for ensuring of landing are successfully carried out.
· 2.3	Prototype GBAS GAST F (MCMF) GLONASS/GPS/Galileo LCCS-A-2014 testing continues. 
Further development of GBAS in part of MFMC GAST F. L1, L3, L5 GBAS CAT II/III development continues. Maximal using of DCPS GBAS (positioning service) benefits for research and development of optimized charts: GNSS RNAV; APV GBAS for RNP AR APRH.
Oral Reports on the Status of GBAS
Status of GBAS in Spain
GBAS CAT I is operational at Málaga airport since May 2014, on a 24 hours basis. The GAST C service is supported by the Honeywell SLS-4000 Block 1.5 ground subsystem. The software update to Block II version has been rescheduled to Q3 2021. GBAS CAT I procedures are available to runways 13 and 31, using a 3.2º and 3º glide slope respectively. The extension of the GBAS CAT I service to runway 12 is planned to enter into service by March 2023, together with an important restructuring of the Málaga TMA. The extension of the service to runway 12 will allow the GBAS use for parallel operations. Charts and validation flights to runway 12 have been already completed.

ENAIRE is part of the European GBAS Alliance and the EGG1 initiative led by IATA for the synchronized deployment of GAST D at several European airports.

A GAST D operational implementation is planned at Madrid Barajas airport, for entry into service potentially in the 2024/25 timeframe. The procurement and installation of the GAST D ground subsystem is planned to start in Q4 2021. This project will be carried out under an Aena contract.

Spain contributes to SESAR 2020 wave 2 industrial research activities related to GBAS CAT III:
A GBAS datalogger is in operation at Tenerife Norte airport since June 2018. This reduced GAST D prototype monitors and detects ionospheric gradients and scintillation and therefore it supports the technical validation of the GAST D concept for low latitude regions.
A GAST F mock-up is in operation at Barcelona airport since August 2016. It supports the technical validation of the GAST F concept and the L5/E5a processing mode based on GPS and Galileo.
Status of GBAS in Singapore
Singapore is actively looking for industry partners to implement GAST-C GBAS in near term and GAST-D GBAS in long term. However due to COVID-19 economic situation, we have decided a 2-step approach, which is to conduct a GBAS safety consultancy first, starting in FY2021. The GBAS safety consultancy may take 1 to 2 years, with completion expected by 2023. The result of the study is supposed to address detailed safety issues of implementing GBAS in Singapore, and justify the needs and funding for GBAS. Our ultimate goal is to start GAST-C trial by 2026.

EUROCONTROL Status of GBAS 
EUROCONTROL is continuing the past GBAS activities, mainly through SESAR project participation. Coordination activities are mainly conducted through virtual LATO meetings with extended, worldwide participation in the hope of being able to resume face-to-face I-GWG meetings soon. 

Specifically on GAST C the SESAR VLD DREAMS is preparing for CAT II operations and approval activities are ongoing jointly with DFS and Lufthansa as well as their regulators. A CONOPS was prepared (WP19) based on outcomes of the I-GWG/20 meeting and some differences with PANS-OPS identified and notified to IFPP (IP12).

To prepare introduction of GAST D, the VLD DREAMS contains flight trials with advanced operations on experimental aircraft with GAST D MMR and non-MMR installations and commercial airline trials of advanced operations (both increased glide-slope and a second runway aim point for noise and runway occupancy time reductions). These trials are currently in the last preparation phase and flights will start in Summer 2021. 

In another SESAR activity, the European GBAS iono model maintenance is performed with continuous data collection and evaluation and a civil-military interoperability report is in preparation. On the operational side, addition of the GBAS classification scheme to the ICAO AWO manual is ongoing again, having been paused in 2021 due to other FLTOPSP priorities.
On DFMC GBAS, we have volunteered to lead the NSP GWG DFMC ad-hoc group, whose status is presented in WP12. Contributions are being made to all the different concepts currently under discussion. The PEGASUS toolset is being continuously expanded and validated as validation tool for all GNSS augmentations, including DFMC monitor validation and ARAIM implementation.

GBAS Status in Australia 
Australia continues to operate GBAS at Sydney and Melbourne airports providing respectively six and four Category I approaches. GLS is the preferred approach with operators and aids in maintaining the acceptance rate with no requirement to protect the ILS sensitive and critical areas.

ILS has been implemented at a newly commissioned runway as aircraft are ubiquitous equipped with ILS and ILS are capable of support better than Category I approaches. There is a keenness to extend GAST C operations to lower decision heights.

System reviews are continuing to improve the resilience of the installations after experiencing an outage due to a lightning strike

GBAS Status in the United States
Flimsy 7 summarizes the current status of GBAS activities in the United States.

Advisory Circular (AC) 20-191, Airworthiness Approval of Airborne Systems used for Takeoff, Precision Approach, Landing, and Rollout in low-visibility conditions is expected to be published soon.  The AC is consistent with the GAST D validation of Annex 10. 

The existing ground stations at Newark, NJ (EWR) and Houston, TX (IAH) are operational and online. The number of GBAS approaches is down significantly due the decrease in air traffic.  San Francisco, CA (SFO) has broken ground on infrastructure for a GAST-C ground station to be operational in December of 2021.  The schedule has been slipped intentionally for the New York GBAS systems planned for LaGuardia (LGA) and JFK due to the slow-down in air traffic.  
 
The FAA continues to support approval work associated with modifications to the Non-Federal Honeywell SLS-4000 CAT I GBAS. Validation of a Non-Federal systems’ intake and approval process is also underway, which will provide a more consistent route for vendors to request FAA approval of equipment, and for the agency to determine if, how, and when to move forward with a full system design approval project. This work will directly impact any future GBAS approvals, whether they are new vendors’ GAST C systems, or GAST D systems.

GBAS Status: Indra Navia:
Indra Navia has paused their GBAS GAST D certification program as a results of reduced momentum in the industry in general, and due to insufficient funding. They remain committed to GBAS as a technology but have paused their certification program until a collective industry initiative is established and funded.  In the mean time they are working to support the establishment of such initiatives, and also are supporting standardisation work. Indra Navia is a major partner in the SESAR VLD DREAMS, and this project is managed by Indra.  Indra is an active partner also in the PJ-14 solutions related to GBAS.
GBAS Status: NEC
NEC has delivered a CAT-I GBAS ground system to JCAB, which has been installed in Tokyo international airport (Haneda Airport) in March 2020.  This is the first GBAS operational system in Japan.  The system has been supporting JCAB's operational evaluation since July 2020, and commencement of service is planned in FY2021.

NEC has also developed and delivered a portable GBAS to ENRI.  The same GBAS processor as the GBAS for Tokyo int'l is installed in the portable GBAS.  The portable GBAS is mountable to a micro-bus, and is intended to support flight experiments in airports where installing GBAS seems beneficial.
Status of GBAS at Airbus:
GBAS technology is installed on Airbus aircraft through the GLS function. GLS Cat I autoland was certified on A380 in May 2008, on A320 family in October 2009, on A330 family in March 2014 and on A350 XWB in November 2014. All in production Airbus civil aircraft can be equipped with the GLS function as a selectable option. By the end of 2021, the number of GLS equipped Airbus aircraft in operations is expected to be greater than 1100 aircraft including A320 family, A330 family, A380 and A350 XWB family. In the frame of project AAL2, Airbus has applied to obtain certification in 2021 from EASA of GLS Cat II with autoland, on A320 family, without any modification to aircraft design, using GBAS Cat I (GAST C) station fitted with a SBAS receiver. This project is done in partnership with DFS,  Lufthansa and Honeywell. Certification on A330 will be done on opportunity whereas on A350 XWB and A380, decision will be made afterwards. A GBAS Cat III (GAST D) feasibility study has been initiated to prepare the condition of a GAST D program launch. Decision is expected to be taken in 2022 according to market needs and results of cost-benefits analysis.

Status of GBS at Boeing
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 Rockwell Collins third generation multi-mode receivers.  Entry into service is planned for 2023.  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

WP 19 – Concept for GBAS CAT II Operations Using ICAO GAST C
This paper presents the first version of an Operational Concept for CAT II operations using GBAS Approach Service Type C (GAST C). The concept has been developed by members of the IGWG/20 meeting (i.e. the 20th meeting of the International GBAS Working Group) supported by secretarial help from EUROCONTROL and is contained in the Attachment to this paper. It is ongoing work, intended to support discussions within and inputs from the GWG.
The International GBAS Working Group (IGWG) has at its 20th meeting discussed about the potential to extend GAST C performances to CAT II operations. The idea had been brought up in the U.S., where Boeing has statements in the flight manuals of some aircraft types, which would allow GBAS operation to minima lower than CAT I while using the GAST C service and a ground station approval extension might provide sufficient performance reserves. At the same time, a SESAR demonstration activity called Advanced Approaches to Land 2 (AAL2) was investigating the technical and regulatory needs for such an operation, with DFS and Lufthansa approaching their respective regulators (NAA and NSA) and Airbus submitting material to EASA on the subject. While the necessary approvals could not be completed prior to project end, a follow-on activity called SESAR 2020 VLD1 DREAMS is currently pursuing the project, aiming for completion in 2022.
The meeting was invited to:
· Note the status of work being performed by the IGWG members working on the CAT II with GAST C concept;
· Provide comments and input where needed to improve and complete the Concept of Operations document and notably the elements of Chapter 4;
· Provide indications on the future responsibility and hosting for maintaining this concept.

During the discussion an action was given to all interested GWG members to read the Conops and provide comments directly back to Andreas Lipp by the end of May 2021.  See action 236 in Attachment C.  

With regards to the future responsibility for hosting and maintaining this concept, it was determined that the Conops should be a candidate for inclusion in a GBAS Manual.  The need for a GBAS manual has been discussed by the group for some time as a place to capture some of the detailed technical information that is important, but probably not appropriate for Annex 10 Guidance material.  The GWG resolved to stand up an ad-hoc group to consider development of a GBAS Manual.  See action 238 in Attachment C.  The ad-hoc group is to deliver an outline of a GBAS Manual and produce a list of potential existing material to be included from existing Annex 10 guidance, existing GNSS Manual material, or new material.  For example JWGs/7 WP 6, JWGs/7 WP 19, JWGs/7 WP 17, and JWGs7 WP 16 Revision 1 should be considered by the ad-hoc group.

IP 12 - PANS OPS GBAS criteria Alignment with Annex 10
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 this paper is attached for information of NSP.

During the preparation to introduce GBAS CAT II on GAST C in Frankfurt as part of SESAR 2020 Very Large Demonstration 1 (VLD1) project DREAMS, the German Air Navigation Service Provider DFS has encountered some contradictions between PANS OPS Vol. 2 and Annex 10 Vol. I. These were traced jointly between DFS and EUROCONTROL to PANS OPS not following the change from CAT to GAST notation and secondly to an applicability date for some changes that were not in line with the Annex 10 update cycle, introducing a temporary contradiction between the documents. This APD Coding issue in DOC8168 Vol 2, III-2-6-App B will be automatically resolved on November 4 2021.

An IFPP WP was provided to IFPP in April 2021 with a minimum set of changes to bring the remaining items of the PANS OPS GBAS elements in line with Annex 10 Vol. I.  This paper is waiting for discussion at IFPP. In this IP the content is presented to the NSP for information (see attachment)

The IFPP WP recommends to add definitions of GAST to PANS OPS and replace CAT III with GAST D in some sections to clarify the application of certain constraints in the FAS data block, valid only for GAST D, but not to CAT II procedures using GBAS Approach Service Type C equipment (draft CONOPS provided in separate WP to this meeting).

The GWG was invited to note the contents of this paper and the solution proposed to IFPP.

IP 13 - RTCA SC-159 GBAS Status
This information paper presents the status and progress of 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 schedule for the deliverables identified in the RTCA SC-159 terms of reference
· Describes examples of two efforts that are currently being worked in support other groups work products, 
· 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 align the GNSS standards developments among RTCA SC‑159 and the ICAO NSP (as well as with other organizations).
EUROCAE WG-28 report:
Objectives:
· GAST D Ground MOPS ED-114B released 2019
· ED-114B change 1 in preparation
· Report on DFMC GBAS to be provided
Ongoing activities:
· Developing Change 1 of ED-114B
· Appendix O covering dependencies between Ground and Airborne implementations – Action SC 159 from GWG/RTCA SC 159 meeting Oct 22, 2020
· VDB siting, D/U vs. localizer and VOR
· Flight Testing/Flight Inspection
· DOC 8071 updates – the group has extensively reviewed and contributed to an update to Vol II Chapter 4 on GBAS during the Madrid meeting January 2020
· Reviewed in a separate ICAO telecon Dec. 9th 2020. Outcome stored as CNTWG 2 Flimsy 1
· ATC Interface
· Minor updates, typos etc
· An exhaustive list is maintained in the minutes from each meeting
· GAST F – main focus is on Galileo Feared Events /threat models
Next meetings:
· N49: May 19 1500 – 1600 – Virtual - discuss potential updates to Terms of Reference
· N50: September 14 – 16, Virtual
· N51: January 2022, 11. – 13. Hopefully in Cologne


Agenda Item 1d – GNSS Manual

IP 1 - Update of Doc 9849, Global Navigation Satellite System Manual
This paper provides a preliminary overview of the main changes required in Doc 9849, the Global Navigation Satellite System Manual in support of the implementation of the SARPs including new and updated core constellations, dual-frequency multi-constellation SBAS capability, and GBAS GAST-D.

At NSP/6 SARPs covering new and modernized core constellations as well as dual-frequency multi-constellation SBAS evolutions were proposed. As part of the NSP job card for this activity, ICAO has requested an update of the GNSS manual in support of the implementation of the SARPs. Thus, GSWG agreed at NSP/6 to update the ICAO Doc 9849, Global Navigation Satellite System Manual. 

The objective of this information paper is to present a preliminary overview of the changes that could be required to accomplish this task.

Jason Burns is leading the ad-hoc group tasked with updating the manual.  He noted in his presentation that expertise is needed to support the effort.  It was noted that in regards to GBAS, section 4.4 in particular need to be revised to include GAST D.  Inputs are needed by JWGs/8 (planned for Nov 2021).  The overall goal is to have a complete change package for NSP consideration by June 13, 2022.

Agenda Item 2a VDB Related Issues

Joint Meeting of GWG and the Spectrum Working Group (SWG)
A joint session of GWG and SWG was held on 4/29/2021.  The joint session considered all the papers under agenda item 2a, i.e. WP 16, WP 20, WP 21 and IP 3.  Refer to the SWG meeting report for a description of the papers and information regarding the discussion of the papers during the joint session.

Based on the outcome of the joint session it was agreed that GWG Action Item 177 should be closed on the basis of JWGs7 IP 3.  There is some outstanding work to be done to develop amended Annex 10 material to remove the separation criteria and replace it with appropriate references to Doc 9718 Vol II.  This will be handled by SWG.

Based on the outcome of the joint session it was also agreed that GWG Action Item 231 should be closed based on JWGs7 WP 16.  The guidance material on GBAS/VDB siting and same-airport compatibility with other VHF-navigation aids has been developed as required in the action.  Some work remains to put the material into a form appropriate for inclusion in either the GBAS manual or Annex 10.  That follow-on work will be assigned to the GBAS ad-hoc group (as part of Action Item 238.  JWGs7 WP 16 was added to the list of new material to be considered for inclusion into the manual.

Agenda Item 2 b New Maintenance Issues
WP 6 - Guidance on the tropospheric scale height
This working paper discusses on the variations of expression of the tropospheric scale height and proposes a guidance material for the tropospheric scale height.  

The meeting was invited to:
· Review the contents of this paper; and
· Consider including the guidance material from this paper in ICAO Annex 10 Volume 1 Attachment D in an upcoming amendment after agreement on the final language.

The group reviewed the paper and agreed to accept the guidance material.  However, the ultimate home for this guidance material was a subject of much discussion.  The group agreed that this guidance material may be more appropriate in a new GBAS manual which has been discussed on a number of occasions during recent meetings.  After some discussion it was agreed that an ad-hoc group would be assigned to develop a table of contents for a new GBAS Manual and to collect a list of materials that would be included in the manual.  See Action Item 238 in Attachment C.  The material to be considered includes this paper as well as other similar submissions of detailed GBAS information and even GBAS information already in Annex 10 guidance pages and the GNSS manual.  The next step for WP 6 is to reformat the material into a “chapter structure” that could be incorporated into whichever document the GWG determines is most appropriate.
WP 18 – GBAS SAPRs Maintenance Minor Updates
This paper proposes two maintenance changes:
-	A correction of a typographic error related to the definition of the Dmax parameter
-	Introduction of the 3D representation of the previously discussed GBAS service volume
The meeting is invited to consider the proposed changes for an upcoming amendment.

After reviewing the material, the GWG agreed to accept the proposed changes and resolved that this information will be added to the current list of approved changes and maintained until the next amendment opportunity.

Agenda Item 2d Ionosphere Issues
WP 14 - GWG Ionosphere Gradient Monitor Ad-Hoc (GWG IGM Ad-Hoc) Status
This information paper provides a brief summary and status of the activities ongoing in the GWG Ionosphere Gradient Monitor Ad-Hoc (IGM Ad-Hoc).  The group continues to investigate impacts of ionosphere scintillation on GBAS GAST D monitor performance, develop guidance material for ionospheric anomaly threat space characterization and other atmospheric effects, and review DFMC GBAS concepts in the context of ionospheric anomaly and scintillation impacts.

The GWG IGM Ad-Hoc was formed during development of GAST D SARPs to validate the ionosphere anomaly threat space model, validate GAST D iono gradient monitor requirements, and develop related SARPs guidance material.  The IGM Ad-Hoc continues to work technical issues in several areas of interest.
· Scintillation and equatorial ionosphere anomaly impacts on GAST D performance
· Guidance material for ionospheric anomaly threat space characterization
· Ionospheric anomaly and scintillation considerations for DFMC GBAS concepts 
The group meets every two weeks with some exceptions to progress on GBAS ionospheric issues.  The group is attended by EASA, ENRI, FAA, EUROCONTROL, Airbus, Boeing, Collins, Honeywell, Indra Navia, and others.  This paper presents the latest accomplishments and work plan for 2021 in summary for the information of the Joint Working Groups.  Please contact Matt Harris matt.harris@boeing.com to participate in the regular IGM Ad-Hoc meetings

The GWG was invited to note the information provided and provide feedback.  The GWG recognized the important work being done by the ad-hoc and expressed their gratitude for the efforts.
WP 17 - Characterization of Ionospheric Threat Model for GBAS
The service provider is responsible for the ionospheric threat model to be used for GBAS. The ICAO IGM ad-hoc group is working on guidelines on how to collect data in order to support the development of a local ionospheric threat model. This kind of information is interesting for service providers and contractors who need to provide an assessment of the local ionosphere. This paper presents draft proposed recommendations on this topic.

The meeting was invited to:
a) Note the information presented; and
b) Give feedback on characterization of the ionospheric threat for GBAS; and
c) Suggest where this kind of information should be available.

The group reviewed the briefing and agreed that some guidance along the lines suggested by the paper would be valuable for service providers.  The next step would be to write the material in chapter format for inclusion in some ICAO document.  The GWG concluded that this material would also be a candidate for the new GBAS Manual and consequently, WP 17 was added to the list of material to be considered by the ad hoc group looking at the GBAS Manual.  See action 238 in Attachment C.

Agenda Item 3c – Update of Doc 8071 Vol 2.

A joint meeting was held with CNTWG and GWG on 4/30/2021.  The joint session considered WP 3, WP 15 and Flimsy 9.  For details on the discussion and resolution relative to those WP’s, please refer to the CNTWG report.

Agenda Item 4a - DFMC Conops
WP 9 - SESAR GAST F Key Concepts
This paper identifies key concepts that are part of the proposed GBAS GAST F service developed in the frame of SESAR, and provides some key differences between GAST F and GAST D services.  

ACTION BY THE MEETING
· The meeting is invited to comment on the information presented in this paper.
· It is recommended that NSP pursue the standardisation of this configuration and develop GAST F in the concept paper planned as the first step of standardisation.

Some feedback was provided during the review of the paper.  With respect to the second recommendation, it was noted that the DFMC ad-hoc is still engaged in developing the ConOps and architecture trade studies.  Therefore a decision to move forward with standardization of any specific proposal is premature.
WP 12 - Current Draft of the DFMC GBAS Concept Paper
This paper is a cover for the Dual-frequency, Multi-Constellation GBAS Concept Paper being developed by an ad-hoc group of the GWG and contained in the Attachment. It is incomplete, ongoing work intended to support discussions within the GWG.

The ICAO NSP has for some time had an open action to develop a concept for DFMC GBAS this action was initiated in 2008 and contributions provided by multiple NSP members. In 2019, an overall concept was presented by the SESAR GBAS consortium members and has triggered alternative proposals, following which an ad-hoc group was created to investigate all concepts, but without clearer tasking. Subsequent discussions at NSP and RTCA led to the decision of the GWG at NSP6 in November 2020 to launch regular meetings of the ad-hoc group with the following objectives:

By end 2021 develop a high level DFMC GBAS concept, comprising
· Consideration of all 4 core constellations now in the SARPS
· Consideration of at least the two frequency bands now in the SARPS
· Consideration of relevant user performance requirements

By end 2022 develop a detailed DFMC GBAS concept paper,
· Providing details of targeted high level performance requirements and services,
· Showcasing intended operational applications,
· Defining a intended air-ground responsibility division.

This concept is to be used by the NSP GWG for SARPS development:
· A baseline development standard by 2024
· Validated SARPS for publication after
· 
The GWG was invited to:
· Note the status of work being performed by the DFMC ad-hoc group;
· Provide comments and input where needed to complete the document;
· Provide indications whether the direction and content of the document is suitable for NSP purposes.

A long discussion ensued.  Concerns were shared that perhaps the group is casing too wide a net and considering services for users that may never materialize.  The ad-hoc leader noted that casting a wide net was exactly the intent, and that there would be a process of contracting the scope.
WP 13 - 
This paper describes a proposed alternative architecture for Dual Frequency Multi-Constellation (DFMC) GBAS.  The proposal builds off of the good work done over the last 10 years by the SESAR program.  However, the proposal is designed to enable more optimal airborne processing that should enable better performance and higher availability for DFMC GBAS globally.

This proposal was originally put on the table for consideration by GWG NSP/6 IP 17.  The concept has evolved and been matured since then.  This paper describes the updated concept and includes some additional analysis.  Tim Murphy presented the paper.  He noted that there were some errors in GWG NSP/6 IP 17 and therefore this working paper should be used as the best available description of the proposal going forward.

The paper reiterated the basic concept for the proposal which is to uplink measurements rather than pseudorange corrections in order to allow more flexibility in the airborne equipment to do carrier smoothing at multiple smoothing intervals and to use both conventional and Divergence Free (DFree) smoothing.  This enables the proposed architecture to potentially provide a single frequency CAT III capable level of service on both L1 and L5 as a fall back mode.

In addition the paper covers relatively new analysis regarding the use of carrier phase for estimation of the Iono Gradient (IG) between the user and the ground station.  A potential issue related to Antenna group delay and inter-frequency biases confounding the ability to measure iono gradients was described.  This problem applies to both the SESAR GAST F proposal and the GAST X proposal as described in WP 13.

The recommendations for the paper are:
a) NSP GWG is invited to note this proposal and discuss its inclusion in the architectural trade space for DFMC GBAS.
b) In IGM ad-hoc is invited to consider algorithms for accurately measuring iono delay for use in the ground and the air. 
c) Organizations are encouraged to share data and experiences relative to Antenna Group Delay and inter-frequency group delay. 
The group discussed the paper and many good questions were asked.  It was noted that the concept has been under discussion by the DFMC ad-hoc and that it would continue to be included as the Ops Concept is developed.

The IGM ad-hoc leaders acknowledged the role that the IGM can plan in looking at the issues raised regarding ionospheric gradient monitoring.   They agreed that this would become part of their work plan.

WP 22 - GAST D as a Reversionary Mode to GAST F
The SESAR  DFMC GBAS Conceptual Framework (“SESAR Concept Paper”), NSP 5 / WP 41, proposes GAST C to be a mandatory fallback mode for GAST F, whilst GAST D is proposed to be an optional, but recommended fallback mode. This paper discusses the following aspects of the different options:
· Data link capacity
· Ground Subsystem complexity
· Siting Restrictions

The two latter aspects are independent of choice of DFMC concept, and discussions can be had on a general basis. The discussion on data link capacity and usage, is more dependent on the selected GAST F concept, and the paper looks at this aspect for both the main concept which are currently discussed.

The paper proposes to look into the possibility of providing GAST D (and C) as reversionary modes for some, but not all runway ends of an airport.  The paper carefully and completely goes through the various arguments for and against making GAST D an optional service.  One of the main rationale for making GAST D optional is that it might result in less onerous siting constrains for the ground system and therefore lower ANSPs costs.  However the paper illustrates that the siting constraints for GAST D are not much more stringent then the siting criteria for GAST C.  Furthermore, the standards do not provide for the ability to support GAST F and not GAST C.  Therefore, the benefits of denying GAST D are limited.  The paper also notes that “… skipping GAST D as a revisionary mode could introduce a risk for GBAS in general to be implemented. It has been made clear by several stakeholders that an evolutionary approach is the least risky path to the ultimate GBAS GAST F realization. Skipping GAST D as a fallback to GAST F could therefore put the implementation also of GAST F at risk.”

The meeting was invited to:
· Provide feedback on the proposal to mandate GAST C and D as fall-back modes for GAST F, but not necessarily on all runway ends.
· Provide feedback on the proposed conditions/methods to do so.

The group noted the paper was very good but that the subject of whether GAST D can or should be an optional mode is still open and will be discussed further by the DFMC as-hoc group.

[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) 
· 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.
DFMC Work Plan
Table 1 contains the currently accepted schedule for the development of DFMC GBAS. 

[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 GAST F
· 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 meet more 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 232) is expected to work intensively over the next year.  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.  (The first of such changes since the amendment that was approved as NSP 6, were introduced at this meeting). 
· Maintain an Ad Hoc group to work on Ionospheric Monitoring issues 
  
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.  

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 JWGs7.  Some work remains to be done, and unfortunately CNTWG no longer has an editor for the document.  A new volunteer is sought to take over the task.

	 Summary and Conclusions
This was a successful meeting of GWG.  The work of GWG over the year prior to NSP 6 was slow due to the priority of DFMC core constellation and DFMC SBAS developments.  In addition, COVID-19 has had an impact on the availability of resources.  In the months since NSP 6, considerable progress has been made on several areas.  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 is considering adding a major task to the work program, i,e, the creation of a GBAS manual.
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[bookmark: _Ref70564746]Attachment A – Agenda: GBAS Working Group Meeting, April 26th  - April 30th  2021.

Agenda
1)   Misc GWG Business
a) Agenda review
b) Status of GBAS (IP 6, IP 7) 
c) Coordination with other panels and groups on GBAS (WP 19, IP 12, IP 13)
d) GNSS Manual (IP 1)

2) GBAS SARPS Maintenance
a) VDB Related Issues (WP 16, WP 20 , WP 21, IP 3)
b) New Maintenance Issues (WP 6, WP 18)
c) GNSS Interference and Spoofing ()
d) Ionosphere Issues1 (WP 14, WP 17)
e) GBAS Related Spectrum Issues ()
f) GBAS Expanded Service Volume ()

3) GAST C & D Developments
a) Reports on programs/open issues 
	b) MOPS Update Status ( )
	c) Update of Doc 8071 Vol 2 (WP 3,WP 15, Flimsy 9)
d) GAST D Implementation Issues ()

4) 	Dual Frequency Multi-constellation GBAS
	a) DFMC Conops (WP 9, WP 12, WP 13, WP 22,)
	b) DFMC Programs/Projects ( )
	c) Plan for DFMC SARPS development ( )

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


General Plan for When Agenda Items Will be Taken
	
	Mon 4/26
	Tues 4/27
	Wed 4/28
	Thur 4/29
	Fri 4/30

	Before Coffee
	
1
	
3

	
4 

	GWG + SWG
(GBAS VDB)

	CNTWG + GWG
(Doc 8071)

	After Coffee
	
2
	
4
	5
	
	Meeting report review



Joint GWG/SWG Meeting Papers:
WP 16, WP 20,  WP 21, IP 3 

Joint GWG/CNTSG Meeting Papers:
WP 3, WP 15, IP 1



[bookmark: _Ref55201482]Attachment B - LIST OF WORKING PAPERS for GWG Meeting – NSP/6 
[bookmark: _Ref388864344]Working papers
	[bookmark: _Hlk100021781]WP No.
	Agenda Item
	Subject
	Presented by

	3
	3c
	Updates to Doc 8071 Vol 2 Related to Ground and Flight Testing of GBAS Ground Facility
	Vladimir Korchagin

	6
	2b
	Guidance on Tropo Scale Height
	Matsuda

	9
	4a
	GAST F Key Concepts 
	Eric Chatre

	12
	4a
	Status of DFMC GBAS Concept Paper Development
	Andreas Lipp

	13
	4a
	GAST X Concept – Additional Information and Analysis
	Tim Murphy

	14
	2d
	Iono Gradient Monitoring Ad-Hoc Status 
	Tim Murphy 
(Matt Harris)

	15
	3c
	Doc 8071 GBAS Update Status and Draft Material
	Tim Murphy
(Linda Lavik)

	16
	2a
	Draft ICAO Guidance on ‘GBAS/VDB siting’ and ‘same airport frequency compatibility’
	Spectrum Working Group Raporteur

	17
	2d
	Characterization of Iono Models
	IGM ad-hoc

	18
	2b
	SARPs Maintenance Minor Updates
	Tim Murphy
(Linda Lavik)

	19
	1c
	Concept of Operations of CAT II on GAST C
	Gary Berz
(Andreas Lipp)

	20
	2a
	Analysis of VDB Siting Distances as a Consequence of New D/U Requirements
	Morten Grandt
(Winfried Dunkel, Linda Lavik)

	21
	2a
	Application of D/U requirements on VDB Siting 
	Morten Grandt
 (Winfried Dunkel, Linda Lavik)

	22
	4a
	GAST D as a Reversionary Mode to GAST F
	Tim Murphy
(Linda Lavik)





	


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

	1
	1d
	Update of Doc 9849, Global Navigation Satellite System Manual
	Eric Chatre, 
Ken Alexander,
Gary Berz

	3
	2a
	Proposed amendments to the Handbook on Radio Frequency Spectrum Requirements for Civil Aviation (Doc. 9718), Volume II
	Panel Secretary

	6
	1b
	GBAS Implementation Status and Future DFMC GBAS Development Plan in China
	V Wang

	7
	1b
	Status of GBAS at Tokyo Haneda
	Kuniyuki Matsuda

	12
	1c
	Pans Ops GBAS Criteria Alignment with Annex 10
	Gerhard Berz

	13
	1c
	RTCA SC-159 GBAS Status
	Tim Murphy

	15
	1b
	GBAS Status in Russia
	Vladimir Korchagin






Flimsies
	Flimsy No.
	Agenda Item
	Subject
	Presented by

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

	7
	1b
	Update of US GBAS Status
	Ken Alexander

	9
	3c
	Doc 8071 GBAS Update Status and Draft Material after review in joint GWG/CNTWG meeting
	Tim Murphy
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[bookmark: _Ref70564863]Attachment C Action Item List at the output of the Virtual GWG Meeting Sept 30th 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.
	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
NSP 6 IP 17
NSP 6 WP 17
JWGs/7 WP 9 
JWGs/7 WP 12,
JWGs/7 WP 13 
JWGs/7 WP 14

	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
	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 fieldstrength measurement results.
4/28/2021 – ongoing task in WG 28.  Material may be available 4Q21
	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

	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
See Action Item 85

	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.


	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: JWG25 WP 2

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

	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

	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)
	Andreas Lipp, Susumu, Jason Burns, Alessandro, Mark D.,
	JWGs/8
	Opened: JWGs/7 WP 6
JWGs/7 WP 19

	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

	240
	Develop additional guidance material on tropo-refractivity and its uncertainty.
	Susumu Saito,
Takayuki Yoshihara,
	JWGs/8
	Opened: JWGs/7 WP 6



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