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RTCA Paper No. 024-22/SC159-1102 Washington, 11 January 2022 
EUR 347-21/ WG62-122 Saint-Denis, 11 January 2022 

Summary of the One Hundred and Tenth Meeting 

Special Committee 159 (SC-159) 

Navigation Equipment Using the Global Navigation Satellite System (GNSS) 

And 

Fifty-Eighth Meeting 

EUROCAE Working Group 62 (WG-62) 

Galileo 

The one hundred and tenth meeting of SC-159 was held October 22, 2021, virtually, from 9:00 a.m. 
to 5:00 p.m., Eastern Daylight Time. The meeting was held jointly with the fifty-eighth meeting of 
EUROCAE WG-62 (Galileo). The attendees were the following: 

NAME COMPANY 
Christopher Hegarty (Co-Chairman) The MITRE Corporation 
George Ligler (Co-Chairman) GTL Associates 
Wes Googe (Secretary) American Airlines 
Mikael Mabilleau (WG-62 Secretary) European GNSS Agency 
Barbara Clark (GAR) Federal Aviation Administration (FAA) 
Karan Hofmann (Program Director) RTCA 
Anna Guégan (Technical Programme Manager) EUROCAE 

 
NAME COMPANY 
Hamza Abduselam Federal Aviation Administration (FAA) 
Doug Arbuckle Federal Aviation Administration (FAA) 
John Ashley The MITRE Corporation 
Laurent Azoulai Airbus 
John Barry Federal Aviation Administration (FAA) 
Bastien Bayard ATR-Aircraft 
Kevin Bean The MITRE Corporation 
Nuria Blanco-Delgado European Satellite Services Provider 
Denis Bouvet Thales Group 
Shao Bo CETC Northwest Group., Ltd. 
Jason Burns Federal Aviation Administration (FAA) 
Alessandra Calabrese GMV 
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Ettore Canestri European GNSS Agency 
Natalia Castrillo Merlin European Space Agency 
Laura Cheung Raytheon 
Jean-Louis Demonfort CNES 
Jed Dennis Federal Aviation Administration (FAA) 
Mark Dickinson Federal Aviation Administration (FAA) 
Yi Ding Esterline CMC Electronics 
Bob Erlandson NISC III 
Zhe Fan COMAC BASTRI 
John Foley Garmin Ltd. 
Joseph Gillespie Federal Aviation Administration (FAA) 
David Gondy Colllins Aerospace 
Boyuan Gong COMAC 
Ed Hahn Air Line Pilot Association 
Matt Harris The Boeing Company 
Lbaraki Hongo Nobuo CAO 
Yaying Hu COMAC 
Toru Ishita Japan Radio Air Navigation Systems Association 
Guo Jiuyuan COMAC 
Mitsunori Kitamura Electronic Navigation Research Institute 
Sai Kalyanaraman Collins Aerospace 
Toshiyuki Katsumata CAO 
Vignesh Krishnan Honeywell International 
Charlie Li COMAC 
Tieshuai Li COMAC 
Andreas Lipp EUROCONTROL 
Fan Liu Federal Aviation Administration (FAA) 
Matthew Lug U.S. Air Force 
Christophe Macabiau Ecole Nationale de l’Aviation Civile 
Mikael Mabilleau European GNSS Agency 
Kara MacWilliams The MITRE Corporation 
Ilaria Martini European Commission 
Jeff Meyers Federal Aviation Administration (FAA) 
Rebecca Morrison RTCA, Inc. 
Tim Murphy The Boeing Company 
Takeshi Ono Japan Radio Air Navigation Systems Association 
Jean-michael Perre Thales Group 
Emilio Perez-Marcos German Aerospace Center DLR 
Doug Phifer Federal Aviation Administration (FAA) 
Pavel Ptacek Honeywell 
Ding Qun CETC Northwest Group Co., Ltd. 
Madhusudhana Rao CAO 
Jianming She The MITRE Corporation 
Sergey Silin ZAO “KB NAVIS” 
Cheng Song CETC Northwest Group Co., Ltd. 
John Studenny CMC Electronics 
Dale Swanson The MITRE Corporation 
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David Thomas European Space Agency 
Francois Tranchet Airbus 
Hans Trautenberg EASA 
Andrew Videmsek General Atomics Aeronautics Systems, Inc. 
Jue Wang COMAC 
Wangmeng COMAC 
Timo Warns Airbus 
Joel Wichgers Collins Aerospace 
Gao Yijia COMAC 
Geng Yongchao CETC Northwest Group Co., Ltd. 

 
AGENDA 

 
1. Introductory Remarks: RTCA, GAR and Co-Chairs 

 
2. Approval of Summaries of Previous Meetings 

a. One Hundred Ninth Meeting for SC-159 held July 30, 2021 
(RTCA Paper No. 212-21/SC159-1100) 

b. Fifty-seventh Meeting for WG-62 (and SC-159 WG-2) held June 14-18, 2021 
(EUR 209-20 / WG62-120 / RTCA Paper No. 174-21/SC159-1099) 

 
3. Final Review and Comment (FRAC) activities 

a. DO-235C (WG-6) FRAC Resolution Status 
b. DO-292A (WG-6) Release for FRAC Update 

 
4. Review Working Group (WG) Progress and Identify Issues for Resolution. 

 
a. GPS/WAAS (WG-2 and EUROCAE WG-62) to include update on related 

ICAO/Navigation Systems Panel activities 
b. GPS/GLONASS (WG-2A) 
c. GPS/Precision Landing Guidance (WG- 4), to include update on related 

ICAO/Navigation Systems Panel Activities 
d. GPS/Interference (WG-6), to include update on related ICAO/Navigation Systems 

Panel Activities 
f. GPS/Antennas (WG-7) 

 
5. Discussion of Terms of Reference Updates 

 
6. Action Item Review 

 
7. Assignment/Review of Future Work 

 
8. Other Business 

 
9. Date and Place of Next Meeting 

 
10. Adjourn 
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***************************************************************************** 
* Barbara Clark, Federal Aviation Administration (FAA), was the Government Authorized 
Representative for this meeting. 

 

Agenda Item 1. Introductory Remarks: RTCA, GAR and Co-Chairs 

• SC-159 Co-Chairman Dr. Christopher Hegarty welcomed everyone to the plenary meeting. 
This Plenary meeting was convened as the regularly scheduled fall biannual meeting. He 
hoped that all was well with attending members and was looking forward to hearing all the 
reports. Dr. Hegarty then introduced the SC-159 leadership team. Dr. George Ligler gave 
a few brief introductory remarks. Then Dr. Hegarty recognized Laurent Azoulai and Mikael 
Mabilleau, part of EUROCAE WG-62 leadership, for any opening remarks as well. They 
both echoed Dr. Hegarty’s remarks. Barbara Clark, FAA GAR SC-159, then added her 
welcoming remarks and the note that she would have to leave the plenary briefly and then 
return later but there were FAA representatives that could address any questions in her 
absence. Karan Hofmann, SC-159 Program Director at RTCA, also added her welcome and 
appreciation for WG leadership keeping their WG members on track to meet completion 
goals set. Anna Guégan, Technical Programme Manager of EUROCAE, reiterated Ms. 
Hofmann’s comments as well. 

• Karan Hofmann, SC-159 Program Director at RTCA, noted that RTCA is NOT a federal 
advisory committee but that meetings are conducted in strict accordance with U.S. anti- 
trust laws. She discussed RTCA’s proprietary references policy and committee 
participation membership policy. Ms. Hofmann noted that this Plenary meeting is open to 
the public, that notice of the meeting was published online but not in the Federal Register 
as had been done previously, and that members of the public may present written or oral 
statements with the permission of the committee chairmen and program director. Karan 
also discussed meeting “tips” for virtual meetings using WebEx. 

• Anna Guégan, Technical Programme Manager of EUROCAE, discussed EUROCAE’s IPR 
and Membership policies as well as new GDPR and Privacy regulations. 

 
Agenda Item 2. Approval of Summaries of Previous Meetings. 

a) The summary for the 109th meeting of SC-159, RTCA Paper No. 212-21/SC159-1100, dated 
30 July 2021, was presented to the meeting. Meeting attendees were asked to review the 
summary and provide any comments to RTCA. No comments were received, and the 
summary was approved. 

b) The summary for the 57th meeting of WG-62, EUROCAE Paper No. 209-20/WG62-120, was 
previously circulated. Mikael Mabilleau (WG-62 secretary) asked for any additional 
comments. No comments were received. 

 
Then Mr. Mabilleau introduced the idea of possible inclusion of the L1c signal in the work of 
RTCA SC-159 as it is already being discussed in EUROCAE WG-62. He offered it that it 
could be discussed here or held till next plenary. Mr. Toru Ishita added that the inclusion of 
L1c was raised by him in WG62 and it was felt that it should be worked as a joint effort with 
SC-159. Dr. Hegarty offered to continue the discussion when plenary got to agenda item 8. 
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He offered that it could be helpful to consider whether L1c signal should be standardized. 
 

Mr. Mabilleau remarked that this topic was brough up in WG2’s meetings this week which 
Laurent Azoulai will debrief later in the plenary. He indicated that this topic was brought up 
but the WG did not have the time to fully discuss it. Ms. Anna Guégan offered that this topic 
might be discussed earlier for the benefit of our Chinese Colleagues in attendance. Dr. Hegarty 
indicated that the group was open to suggestions, but the summary was approved for this 
agenda item. 

Agenda Item 3. Final Review and Comment (FRAC) activities 
 

A. DO-235C (WG6) Resolution Status 

Dr. Kalyanaraman reviewed progress made by this to date. While WG6 has resolved all 
comments, 182 comments are still left to integrate into the document. They could not 
complete this work by the Monday deadline but Dr. Kalyanaraman felt the WG could be 
finished for the PMC meeting in December. Dr. Hegarty remarked that the Oct 18th deadline 
was set to give the group time to get everything in so the PMC could have time to review 
before their December meeting. Dr. Kalyanaraman indicated that he would provide an 
immediate update the weekend of the 23rd as to finalization of the document. 

 
Dr. Hegarty then asked all WG chairs for any further document or time line slips to that WG 
can get a TOR draft document ready for approval. Dr. Kalyanaraman then spoke to the 
discussions WG6 as DO-292. 

B. DO-292A WG6 Release for FRAC Status 

He felt they had sized the material to get DO-292A ready for plenary in June of 2022. He is 
asking Mr. Mabilleau to provide some noise material to put in the final document for FRAC 
in June. He continued that they could not get everything ready for the March meeting, but he 
could get an update ready for comment at this meeting. He explained that some needed details 
from ED-259 would not be ready by March but could be for the June 2022 meeting. Then 
Ms. Hofmann brough up the fact that this would require an out of cycle approval so that the 
document would be ready for a September PMC meeting or an off-cycle PMC meeting. Dr. 
Kalyanaraman responded that that decision would be dependent on WG6 getting what they 
need from ED-259. Dr. Hegarty added he recognized the issues as well and we would have 
to consider what makes sense given the interdependencies of this and other documents. He 
now moved to agenda item 4a. 

 
 

Agenda Item 4a. GPS/WAAS (WG-2 and EUROCAE WG-62) to include update on related 
ICAO/Navigation systems panel activities. 

 
 

a) Laurent Azoulai then reviewed the outcomes on this week’s work up to the plenary. 
There are currently bi-weekly meetings. He acknowledged the co-chair leadership of all 
the RTCA SC-159 WGs. He then began his presentation. 
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At this point in the presentation Dr. Kalyanaraman asked Mr. Azoulai if the next step was 
to develop a plan together that would be sent out to the receiver manufacturers. He understood 
that Mr. Azoulai and Mr. Mabilleau have the action to do this. Mr. Azoulai responded that 
the first priority would be to approach the receiver manufacturers to determine the conditions 
and then possible risks before deciding to go to then to regulators. Mr. Azoulai’s presentation 
then continued. 
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Mr. Azoulai concluded his presentation with some additional comments relating to item 9a. 
He remarked had WG62 had welcomed the idea of including Beidou in the MOPS but had 
not green lighted this change yet. It is welcomed by the group since some commonality exists 
between Beidou and L1. Ms. Guégan added that in order to ask EUROCAE for approval of 
this change, it first must be adopted by SC-159 and then the PMC. Dr. Kalyanaraman then 
said that a Beidou integration is a more viable path than that with GLONASS. Dr. Hegarty 
added that more detail would be needed on assessing antenna mops. Mr. Azoulai also added 
that further discussions would be needed related to multipath and interference mask. Then 
John Studenny offered there needed to be confirmation from the Chinese that their signals 
from L1,5 would be used for aviation. Glonass on the other hand is off frequency which 
provides many challenges for antenna design. Since Beidou will operate in our current 
frequency, we can’t ignore it and confirmation of intended use by civil aviation is important. 
Dr. Hegarty remarked that it seemed the group agrees with this idea of including Beidou 
since the signals could be used in the aperture of the antenna so we should consider bringing 
this to the PMC, although this is not a green light yet. Dr. Ligler added that a paper should 
be due 3rd quarter of 2023 on this topic. 

 
Mr. Azoulai indicated that his group wants to conserve its current work and finish. Dr. 
Hegarty asked if the current version is still planned to be ready for approval in March of 
2022? Mr. Azoulai indicated that it would not. Dr. Hegarty then asked for objection to RTCA 
working with EUROCAE WG62 on this document. There was no objection. Then he offered 
that this discussion should be added to agenda item 7, “consideration of adding L1c” to the 
document. He then asked the group to consider disposition of adding L1c to the document. 
Dr. Kalyanaraman asked that if we revisit the inclusion of Beidou in the TOR, would this be 
an addendum or option? Dr. Hegarty remarked that we would be adding a work item to our 
work. He asked Mr. Azoulai if he had any language to propose for the TOR. 
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Mr. Azoulai answered that there was a paper in EUROCAE and there is a work plan to move 
forward on this without compromising the current work on the MOPS. Dr. Hegarty asked if 
he had idea on how to include L1c. 

 
Dr. Kalyanaraman then remarked that since we are pushing the idea of including L1c, we 
need to continue the discussion. He then commented on QZSS as it pertains to L1c broadly. 
He remarked that our Japanese colleagues indicate that there are signal integration options 
that could be used but he was not sure how stable they would be with GPS. The Japanese 
may only be interested in QZSS. Dr. Hegarty asked the group if there was interest in QZSS. 
Dr. Kalyanaraman responded that it would be a question for an ANSP. If they have interest 

 
In L1c in regards to GBAS or SBAS augmentation, it is unknown at this point. Mr. Jason 
Burns added he had not heard of any interest in using L1c. Jed Dennis asked how different 
would it be to use L1c versus using GPS. Dr. Hegarty offered that some similarities exist, 
but differences do as well. But he also remarked that there did not seem to be a lot of 
enthusiasm with this topic. Then Mr. Dennis asked if the group was asked to standardize L1c 
for ICAO. Dr. Kalyanaraman indicated that the topic was coming up multiple times so asked 
if there is value in having tradeoff proposition discussion to see the pros and cons to adding 
this work. 

 
Dr. Hegarty responded that if the group had the energy to do the work to add this to the 
MOPS then it could be done but if not then it could be revisited later. Mr. Toru Ishito 
indicated that he was preparing a paper on this for the NSP for next month to which Dr. 
Hegarty responded that any interested individuals on L1c could assist Mr. Ishito to prepare 
this topic for future work. 
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At this point in the presentation Mr. Azoulai commented that the WG needs to be a little 
more diligent in making decisions therefore the group needs another 6-9 months to get the 
document to FRAC. He planned to deliver the document before the summer of 2022. The 
previous discussion expresses the TOR update. Dr. Hegarty asked for comments on 
organizing timeline for drops of documents. He then asked Dr. Kalyanaraman if he was okay 
with sliding WG6 work out to October 2022 to which he agreed. 
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Mr. Azoulai then completed his presentation with the comment that meeting in person would 
be better for collaboration. The Dr. Hegarty called for a 10-minute break. 

 
Agenda Item 4b. GPS/GLONASS (WG2A) 

 
Dr. Hegarty reconvened the plenary with this agenda item. There was no update as no work 
had been done. 

 
 
Agenda Item 4c. GPS/Precision Landing Guidance (WG-4), to include update on related 
ICAO/Navigation Systems Panel Activities 

 
Then Dr. Hegarty asked Mr. Joel Wichgers and Mr. Matt Harris to present this report. Mr. 
Wichgers began the report as follows. 

 
GNSS/GBAS Development Status: 

Precision Landing Guidance Working Group 4 (WG-4) 
Report to RTCA SC-159 Plenary 

 
WG-4 Work Products per TOR 

 
• GBAS MOPS & ICD Maintenance [NO NEW ISSUES] 

o DO-253D Change 1 GPS/LAAS Airborne MOPS 
 Three very minor issues identified in non-normative explanatory appendices – 

(WG-4 will address at the appropriate time, e.g., errata or defer until next 
update) 

 Appendix K: Identified a small correction/clarification for the Rationale for 
VDB Requirements Appendix [See WP-2 and WP-5 from October 2019 
Meeting] 

 Appendix I: Identified minor update to GBAS classifications [WP-8 from 
March 2020] 

 Appendix J: Identified minor clarification if ICAO SARPs change is approved 
to allow EIG > 2.75 m [See WP10 and WP-10a from October 2020 meeting] 

• Future Documents (from Terms of Reference) 
o Initial GNSS/GBAS L1/L5 MOPS & ICD for V&V to include GPS and likely Galileo 

[2023 (optimistic likely Q4 2024 to 2025) --Dependencies: Lag initial DFMC SBAS 
GPS + Galileo MOPS, and in parallel with ICAO NSP DFMC GBAS developing 
baseline SARPs development] 
 ICD: Incorporate in an update to DO-246 
 MOPS: Plan is a new document, separate from DO-253 and DFMC 

SBAS/ABAS MOPS 
 MASPS: Do not plan to develop MASPS 

o Validated GNSS/GBAS L1/L5 MOPS & ICD to include GPS and if possible, Galileo 
[2025 (optimistic likely 2028) – Dependencies: Lag validated DFMC SBAS GPS + 
Galileo MOPS, and in parallel with validated ICAO NSP validation and approval of 
DFMC GBAS SARPs] 
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• EUROCAE     ED-114B     Appendix      O      –      Requirements      Mapping [Presented 
by: Linda Lavik and Barbara Clark] 
o Completed WG-4 Level Review of Requirements Mapping between LAAS MOPS [DO- 

253D Change 1] & ICAO GBAS SARPs to be published in Appendix O of EUROCAE 
ED-114B GBAS Ground MOPS 

o Completed SC-159 WG-4 level detailed review of Requirements Mapping Table 
(with the last ~116 shalls from Section 2.3.9 (LAAS-128) to Section 2.3.13.4 
(LAAS-141). There are many non-sequentially numbered shalls to add up to 116. 

 
• Status and Discussion of ICAO Navigation Systems Panel 
[Presented by: Tim Murphy] 

o History / Plans 
 Last Meeting of ICAO NSP GBAS Working Group (GWG) was April 

26-30, 2021 
 Two active ad-hoc working groups meet bi-weekly 

o DFMC GBAS AdHoc 
o requirements and guidance)Iono Gradient Monitoring (IGM) ad- 

hoc 
• Next meeting of GWG is November 8 – 12, 2021 

o Major Activities 
• GBAS SARPS Maintenance (including VHF compatibility 
• 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 

 
Timeline for DFMC GBAS Development 

 
2021 Collect requirements from additional operational use cases, evaluate 

possible concepts against the 
Q4 A high-level concept (similar to the level of detail currently proposed by 
2021 SESAR, with all options selected) agreed in ICAO and RTCA 

/EUROCAE 
Q4 A detailed concept paper agreed in ICAO and RTCA, similar level of 
2022 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 A baseline airborne MOPS 
2024  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 
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• Status and Discussion of ICAO DFMC GBAS Architecture 
Ad-hoc [Presented by: Andreas Lipp] 

 

 
• Status and Discussion of ICAO Nav Systems Panel Iono Gradient Monitoring Ad- 

Hoc Group [Presented by: Matt Harris] 
 

No new activity in analysis of scintillation on GAST D monitors 
 Large amount of effort by ENRI in the past, also some reports from Boeing 

Brazil 
 No new data or discussion in last 6 months 

 
Group has worked to develop guidance material for regional ionospheric anomaly threat 
characterization 

 Coordinating with APAC Ionosphere Task Force via ENRI liaison, Susumu 
Saito 

 Initial material developed and presented to ICAO Nav Systems Panel GBAS 
Working Group 

 Proposal is to develop material for future GBAS additions to GNSS Manual 
 

Reviewing DFMC GBAS Concepts 
 IGM Ad-Hoc work statement for validation of DFMC GBAS 
 residual ionospheric error bounds 

 
• Status and Discussion of RTCA SC-228 WG4 (UAS Navigation Working 

Group) [Presented by: Joel Wichgers] 
 Document Under Development - Guidance Material: Navigation Gaps for 

UAS 
 Current Plan: Begin FRAC in Early February 2022 with Possible PMC 

Approval in June 2022 
 Possibly optimistic by ~3 months 



29  

 Document lays initial groundwork to identify gaps in the navigation systems 
and standards that if filled may better support UAS operations 

 Focus on VFR-like and IFR-like planned path UAS operations for larger (> 55 
pounds) fixed wing aircraft operating in and out of traditional airports 

 Will be used to make recommendations to RTCA PMC and/or other Nav. 
Standards bodies to address gaps. 

 
After briefing this previous topic, Barbara Clark asked if the RTCA SC-228 navigation working 
group was aware of the UAV flight ops navigation work being done in ASTM (specifically F38 
WK75923) and how relative it was to this work. Mr. Wichgers responded that the RTCA SC-228 
working group was very aware of the ASTM work as the secretary of the RTCA SC-228 navigation 
working group also participates in this ASTM UAS navigation working group.  This ASTM working 
group is focused on small UAS, defined as UAS aircraft that are less than 55 pounds and operate at 
altitudes less than 400 ft above ground level (AGL). On the other hand, the RTCA SC-228 navigation 
working group is focused on larger UAS, defined as greater than or equal to 55 pounds operating in 
any airspace. There is a desire to have non-overlapping scope (i.e., separate “swim lanes”) for the 
UAS navigation work products being developed by RTCA SC-228 and ASTM. The presentation then 
continued. 
 
• Discussion of Alternative Concept for DFMC GBAS – GAST X 

[Presented by Tim Murphy] 
 

 Briefing of DFMC GBAS Alternative Architecture Referred to as GAST 
X developed by a team with representatives from Boeing / Collins / Indra 
/ ERNI with great constructive comments from other participants of RTCA 
SC-159 and ICAO NSP 
• Documented in ~40-page ION paper (Sept. 2021) 
• Posted with working papers 
• More work to do 
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• Alternative DFMC GBAS Concept and SESAR GAST F 
Contributions [Presented by: Enric Obiols Bernaus] 
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Described a multi-site / multi-frequency RFI Monitoring Investigation 

Conclusion: Good for DFMC GBAS to have SF backup modes that allow loss of either L1/E1 or 
L5/E5a frequency. 
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Analysis of Vertical Position Transients associated with IFree Mode Switching 
 

Typically, less than 2 meters. Judged acceptable. 

• Update of SESAR GAST D Trails [Presented by: Andreas Lipp] 
 

GBAS Approach Trials in Twente (Netherlands) at an Old Military Base 
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• Work Plan 

 WG-4 members are supporting ICAO Ad-Hoc DFMC GBAS Architecture 
Studies and IGM Meetings (Bi-Weekly Meetings) 

• Baseline GBAS DFMC architecture to be established in collaboration 
with ICAO NSP prior to fully launching DFMC GBAS MOPS 
development in parallel with ICAO NSP DFMC GBAS SARPs 

 Telecons/WebEx Virtual Meetings as needed 

• Virtual Meetings scheduled as needed to address WG-4 relevant tasks 
Continue Periodic Coordination with ICAO NSP Working Groups 
(e.g., GWG and SWG) on GBAS relevant topics, as needed: 

o GBAS Standards Maintenance / DFMC GBAS / VDB Topics 
(e.g., in support of ICAO DOC 8071) 

o Expected in January/February 2022 timeframe for DFMC 
GBAS 

 Next SC-159 Week: 

• Meet jointly WG-2/WG-4/EUROCAE WG-62, as well as 1 day 
(Thursday) for WG-4 

 
This concluded Mr. Wichgers presentation. Dr. Hegarty asked if there were any 
questions. There were none and the report was accepted. Then he turned to topic 
of work product completion matching current scheduled plenaries. He remarked 
that we have a scheduled plenary in March 2022 and would that still be 
appropriate or do we need to hold a special plenary in June 2022? Mr. Azoulai 
answered that if this was change in plans then we need to coordinate around the 
ICAO NSP meeting in June of 2022 as well. Ms. Hofmann added that the PMC 
meeting is June 23, 2022. We may have to consider a July plenary on this topic if 
there is a decision at the March 2022 plenary to move the timeline till June or 
July. She asked if other WG chairs agree with the current plenary timelines? Mr. 
Wichgers (WG4 co-chair) indicated that he agreed with the current plenary 
schedule for SC-159. Dr. Hegarty asked everyone to go back and check their 
calendars. The current March 2022 plenary is scheduled for Mar 28th through 
April 1st. Dr. Hegarty then turned to Dr. Kalyanaraman to present the report for 
WG 6 and 7. 
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Agenda Item 4d. GPS/Interference (WG6), to include update on related ICAO/Navigation 

Systems Panel Activities. 

 
WG6 – Status 

Sai Kalyanaraman, Ph.D., Collins Aerospace 

RTCA SC159 WG6 

Agenda 

DO-235C documentation updates 

GNSS L1 Wideband Equivalent Mask 

L1/L5 Resiliency Mask (L1 jammed, operational on L5) 

DME Multipath Impact assessment (FL17) 

DME Pulse blanking assessment at Palmdale, CA (ZLA) 

DME pulse blanking assessment near hotspot (FL 400) 

GNSS RFI test procedure (L1/L5) discussion 

Review of earlier (ENRI) DME Multipath assessment 

ICCAIA paper for ICAO NSP 

DO-292A document restructuring and updates 

• DO-235C documentation updates 

o Resolved all comments (~700) 

o Implemented all but 183 comments at this time 

To close the rest out (before end of this month) 

o Will send interim updated material for review this weekend. 

o Final update will be provided in time for PMC approval 

• DME Multipath Impact assessment – FL17 

o This worst RFI scenario at FL400 was determined by assuming a simplistic 
propagation channel where only the direct ray (LOS) is received by the GNSS 
receiver. 

o The LOS propagation channel was used irrespective of the aircraft flight level (FL). 

o However, at low altitude, it is likely that the GPS airborne antenna captures 
DME/TACAN echos due to reflections on low altitude obstacles. 

o Therefore, a more adapted propagation channel could be used for 𝐶𝐶𝐶𝐶/𝑁𝑁𝑁𝑁_0 degradation 
analysis for low altitude FL scenarios 
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 The objectives of the study were: 

to refine the mathematical model of channel propagation at low altitude 

to inspect whether the 𝐶𝐶𝐶𝐶/𝑁𝑁𝑁𝑁_0 degradation due to DME/TACANs at low 
altitude (1600ft for example) could exceed the one at FL400 

 

 
o Objective: To understand how much 𝑅𝑅𝑅𝑅_𝑖𝑖𝑖𝑖 and 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝_𝑖𝑖𝑖𝑖 would need to be increased such that 

the degradation of 𝐶𝐶𝐶𝐶/𝑁𝑁𝑁𝑁_0 at the 1600ft hot spot exceeds the one at FL400 (5.94dB). 

o Methodology: 

• Finding the hot spot at 1600ft. 

 This hot-spot has been found near the one at FL400 (longitude -75.75°, 
latitude 39.5°). 

 The 𝐶𝐶𝐶𝐶/𝑁𝑁𝑁𝑁_0 degradation at this hot spot not considering multipaths has been 
found to be 2.24 dB. At this altitude, 19 DME/Tacan beacons were 
visible, with 12 above the blanking threshold 

• Understanding how the presence of multipath impacts 𝑅𝑅𝑅𝑅_𝑖𝑖𝑖𝑖 and 𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 

• Simulating an augmentation of the 𝑅𝑅𝑅𝑅_𝑖𝑖𝑖𝑖 and 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝_𝑖𝑖𝑖𝑖 by a given factor, 𝜂𝜂𝜂𝜂 et 𝜇𝜇𝜇𝜇, to see 
how much 𝑅𝑅𝑅𝑅_𝑖𝑖𝑖𝑖 and 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝_𝑖𝑖𝑖𝑖 would need to be increased to reach the FL400 𝐶𝐶𝐶𝐶/𝑁𝑁𝑁𝑁_𝑂𝑂𝑂𝑂 
degradation, 5.94dB, at 1600ft. 



38  

 
 
 
 

DME Pulse blanking assessment at Palmdale, CA (ZLA) 
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Predicted reflector 
 
 
 

 
 

ZLA laydown 
 

 

• Review of earlier (ENRI) DME Multipath assessment 

 
 This was a review of an older presentation from 2006 (from ENRI) 

 Review performed as part of assessment of existing material and evaluation of scope of 
what needs to be addressed for DME Multipath 
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 Takeaways: 

 960-1215 band not as quiet as what we would like to think it is 

 DME Multipath assessment for urban areas (for lower altitude flight operations) 
may need more focus 

• DME Pulse blanking assessment - hotspot – FL400 
 

 
 

 
 

At this point in the presentation Bob Earlandson added a few comments. He indicated that up to 
now, in preliminary work, we have attempted to preserve a 10db link margin to estimate blanking 
of the receiver. Dr. Kalyanaraman responded that he did not know if that would be sufficient based 
on current testing. His presentation then continued. 
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• GNSS RFI test procedure (L1/L5) discussion 

o Francois Tranchet Presented a document with draft jamming and spoofing 
requirements. 

o Seeking support from WG6 through review of this material in support of test 
procedure development. 

o Presented S1-S4 scenario assumptions in support of this request 

o Expect feedback from WG6 by Dec 1 

 Internal WG6 deadline Nov 29, 2021 

• DO-292A document restructuring and updates 

o Goal: 

 Bring the document in line with the DO-235C structure (to the extent it is 
necessary) 

 Update sections on assessment of ground based RFI contributions 

 Bring forth updated link budget assessments for approach and lower 
(intermediate) altitude acquisition conditions 

 Resiliency of L5 processing when L1 is jammed (the opposite of what we did in 
235C – L5 jammed and L1 functional) 

o Plan to provide critical L5 Interference parameters for review ahead of the Mar 2022 
WG6 meeting. 

o FRAC closure target – June 2022 (ties into the timelines of other docs) 

This concluded Dr. Kalyanaraman’s presentation for WG6. Dr. Hegarty recessed group for a 10- 
minute break. 

Dr. Hegarty reconvened the meeting and asked if there any questions in regards to the WG6 Report. 
There were no questions and the WG6 report was accepted. 

Agenda Item 4e. GPS/Antennas (WG7) 

Dr. Kalyanaraman then began his presentation for WG 7. 
• RTCA/DO-373 – DFMC Antenna MOPS has been published currently in maintenance 

mode 
• In support of compatibility with Iridium Certus updates are needed to improve: 

Compression point spec 
Antenna selectivity 

Items to consider for update 

• Based on feedback from receiver OEM’s 

Increase Antenna 1dB Compression point to +10 dBm from 1618 MHz 

Increase CW interference mask to +8 dBm from 1618 MHz 
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Improve antenna selectivity at 1618 MHz+ to 50 dB (matching 1626 MHz) 

• One of the antenna OEM’s also proposed to update the axial ratio spec – 

Limit axial ratio spec (of 3dB) to 5 degrees off boresight (vs 40 degrees off 
boresight) 

Item is under discussion within the group. DLR has brought forth additional 
material that has been shared on the workspace. Need further feedback from 
antenna OEM 

• Further discussion needed on the antenna DGD across aspect angle (across L1/L5) 

Need support from WG-2/4/62 to this end. What is the ask on this DGD from the 
antenna? 

• Plan to finalize changes to DO-373A and close FRAC by Oct 2022 

Group delay differential - L1/L5 across aspect angle 
 

Dr. Kaylanaraman then concluded his presentation. Dr. Hegarty asked if there any questions from 
the group. There were none and the report was accepted. 

Agenda Item 5. Discussion of Terms of Reference Updates. 

Dr. Hegarty expressed the opinion that this updated TOR needed to be delivered to the PMC in 
December of 2021 for approval. The goal being that this finalizes the TOR. Dr. Hegarty then went 
through the proposed changes. 
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BACKGROUND: 

Since it was established in 1985, RTCA SC-159 has produced and maintained a suite of minimum 
operational performance standards (MOPS) and minimum aviation system performance standards 
(MASPS) for aviation equipment using the Global Positioning System (GPS) and its augmentations, 
specifically aircraft-based (ABAS), ground-based (GBAS), and satellite-based (SBAS) 
augmentation systems, using a single GPS signal, the GPS coarse/acquisition (C/A) code that is 
modulated on the link 1 (L1) carrier frequency of 1575.42 MHz. Similarly, the International Civil 
Aviation Organization (ICAO) has produced various aviation and equipment standards for GPS and 
its augmentations. All of these standards are in global use today. 
The world is entering a new era of the Global Navigation Satellite System (GNSS) with new 
constellations and a variety of new, civil, safety-of-life signals. Consideration for use requires that 
the carrier frequencies be at 1575.42 MHz and at 1176.45 MHz with a usable signal bandwidth of 
no more than +/-12MHz around the carrier frequency. Other conditions may apply, such the signal 
being open and being supported by the service provider for safety-of-life use. 

The current GNSS status is that GPS is presently being modernized, and the constellation is being 
populated with three new civil signals (L5, L2C, and L1C) on multiple frequencies with three of 

Organization Person 
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the four end-state civil signals (L1 C/A, L5, and L1C) being located within bands allocated for 
aeronautical radio navigation services (ARNS). SBASs, such as the Wide Area Augmentation 
System (WAAS) in North America, are evolving to support dual-frequency user equipment. 
Additionally, other GNSS core constellations have been deployed (Russia’s GLONASS) or are 
being deployed (Europe’s Galileo and China’s BeiDou). 

ICAO’s Navigation System Panel (NSP) is updating Standards and Recommended Practices 
(SARPs) contained within Annex 10 to the International Convention on Civil Aviation to 
incorporate GPS and GLONASS modernization as well as the new core constellations. Aviation 
equipment standards are/will be required for safety-of-life use. A GPS/GLONASS L1 MOPS was 
produced and adopted in 2017 as a first step towards standardization of multi-constellation 
equipment. 

 

DELIVERABLES: 
 

Product Description FRAC 
Completion 
Due Date* 

Change 

    

DO-292A Updated L5 interference 
environment report 

July 2022 October 2021 

DO-373A Update to GNSS dual- 
frequency (1575/1176 MHz) 
antenna MOPS for airborne 
equipment 

October 2022 October 2021 

GNSS(SBAS) L1/L5 
MOPS **, *** 

GPS/Galileo/SBAS MOPS 
developed jointly with 
EUROCAE WG-62 that are 
intended to be usable for 
ETSO/ TSO production and 
certification of the receivers 
for aviation use 

October 2022 March 2022 

 
Update to 
GPS/Galileo/SBAS MOPS 
for dual-frequency equipment 
***, **** 

March 2024 October 2023 

BeiDou white paper White paper on BeiDou 
System and BeiDou SBAS 

September 
2023***** 
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GNSS(GBAS) L1/L5 
MOPS and ICD** 

Initial MOPS and ICD for 
Verification and Validation 

December 
2024 

2023 

 Validated 
GPS/Galileo/GBAS MOPS 
and ICD for dual-frequency 
equipment. 

 
 
 

December 
2028 

 
 
 
 

2025 

*Note: Final Review and Comment (FRAC) Completion Due Date refers to the date that the 
committee plenary approves the document after completing the FRAC Process. SCs should submit 
the final document at least 45 days before the PMC meeting where it will be considered for 
approval. 

** Requirements for core constellations in addition to GPS and Galileo will be dependent upon 
multiple prerequisites as discussed in the Specific Guidance Section below. Additionally, in the 
case of the GNSS (SBAS or GBAS) L1/L5 MOPS, constellation providers will be advised to 
provide final needed technical information at least two-years prior to the completion of the 
Updated MOPS in order to have their constellations included in the MOPS. This includes the 
official set of user interface definition, technical and performance information for the core 
constellations, technical service provisions for H-ARAIM, interference environment (RTCA DO- 
235C, DO-292A) and multi-constellation SBAS. 

***Operations targeted for this MOPS include, but are not limited to, LPV 200 autoland (Cat I 
with VMC below 200 ft), LPV 200 in equatorial regions, ADS-B out requirements and improved 
availability of Low RNP operations. The MOPS will include integrated DO-229F requirements 
for class Beta, Delta and Gamma receiver classes, DFMC SBAS E1/L1/E5a/L5 requirements and 
may include H-ARAIM requirements. 
**** Jointly developed with EUROCAE WG-62, based on initial return from experience and may 
potentially include new requirements such as Cat II autoland (with VMC below 100 ft), SBAS 
authentication, Service Area Message, L5 SBAS-Ranging, Non-GEO SBAS pending ICAO 
SARPS completion, and complete H-ARAIM requirements, if deemed necessary. 
*****This is the completion date for the White Paper and not a FRAC completion date (FRAC is 
not required for this internal White Paper). 

 
SCOPE: 
RTCA SC-159 shall develop equipment standards for GNSS augmented by ABAS, GBAS, and 
SBAS, as well as associated interference environment reports and interface control documents 
(ICDs). 
ENVISIONED USE OF DELIVERABLE(S) 

The guidance developed by this special committee is envisioned to be referenced by the Federal 
Aviation Administration (FAA) and other State Authorities as appropriate in certification guidance 
material including Technical Standard Orders (TSOs) or other national documents. 
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SPECIFIC GUIDANCE: 
1. The following core constellations should be addressed: 

a. The U.S. Global Positioning System (GPS) 
b. The Russian Federation Global Orbiting Navigation Satellite System (GLONASS). 
c. Europe’s Galileo 
d. China’s BeiDou 

2. The incorporation of the foreign core constellations listed above within equipment 
standards shall be contingent upon multiple prerequisites being satisfied for operational 
use. 

3. The following augmentations should be addressed: 
a. Aircraft-based augmentation system – as defined by ICAO, this includes receiver 

autonomous integrity monitoring (RAIM), which uses GNSS information 
exclusively, and aircraft autonomous integrity monitoring (AAIM), which uses 
information from additional on-board sensors (e.g., barometric altimeter, clock and 
inertial navigation systems). Consideration should be given to advanced RAIM 
(ARAIM) methods currently under development. 

b. SBAS. 
c. GBAS. 

4. Particular attention should be given to meeting integrity and availability requirements 
especially for all phases of flight. 

5. New MOPS will address, to the extent practicable, the threats of intentional interference 
and spoofing. 

6. New MOPS should address, to the extent practicable, the possibility of higher levels of 
adjacent-band interference in the future operational environment. 

7. The work of the committee should be coordinated with the European Organization for Civil 
Aviation Equipment (EUROCAE) Working Groups 28 and 62, as well as with ICAO’s 
Navigation System Panel (NSP). The GNSS (SBAS) L1/L5 MOPS (both versions) will be 
developed jointly with EUROCAE WG-62. 

 
 

INITIAL DOCUMENTATION - the following documents should be made available to this 
committee. 

 
 

Documents Intended Use 

DO-229F Basis for updated GPS/SBAS MOPS. 

EUROCAE ED-259 Basis for updated GPS/Galileo/SBAS MOPS 

U.S.-EU WG-C ARAIM Airborne ADD Basis for updated GPS/Galileo/SBAS MOPS 
to incorporate ARAIM requirements 

DO-245, -246E with Change 1, -253D with 
Change 1 

Basis for updated GPS/GBAS MOPS and 
ICD. 

DO-316 Basis for updated GPS/ABAS MOPS. 

DO-235C, -292, -327 Basis for updated interference environment 
assessments. 
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TERMINATION: 
 
When the scope of this Terms of Reference is complete, the committee will recommend to the 
PMC that the committee Sunset, go into Active Monitoring Mode, or spend a period of time in 
Hiatus. Any change/extension in the committee’s work program requires prior PMC approval. 

 
 
After this review Dr. Kalyanaraman indicated that DO-292(A) completion date needed to slide from 
Oct 2021 to June 2022. He would like to wait until the March 2022 plenary to see when a special 
plenary would be needed to approve the document. He suggested July 2022 and the Group agreed 
to this suggestion. Then Dr. Hegarty reviewed the 1-year slip for DO-373 to October 2022. Then Dr. 
Kalyanaraman remarked that he felt there was a possibility of getting both DO-292 and DO-373 side 
by side. Then Dr. Hegarty reviewed that GBAS(SBAS) L1/L5 FRAC would slip to October 2022. 
Also, the Beidou White Paper would now have a target date of 2023. Dr. Ligler remarked to Ms. 
Hofmann that this date should be a completion date for the white paper and not a FRAC date. Ms. 
Rebecca Morrison asked if this white paper should go to the PMC since it would become a public 
document. Mr. Azoulai answered that EUROCAE will keep it as an internal document. RTCA should 
do the same. Ms. Morrison then responded that if it is in the TOR and sent to the PMC for public 
discussion then we need to make a note to not make this document public. Dr. Hegarty thought that 
the document could be sent to the PMC and make it available to the members of RTCA. 

Ms. Guégan stated that WG62 would have to see if ICAO could work with this document since they 
did not want to make it public. Dr. Ligler suggested that they make a September time line for 
completion so it would not go through FRAC for approval. The fact that we do it this way, it will be 
sent to members who might want to take it to ICAO. ICAO is not planning to have broad 
dissemination. Ms. Guégan responded that they did not have a similar system as RTCA and would 
have to decide how to handle this document. Dr. Hegarty then said that the TOR could be silent on 
this for now and we would wait to coordinate with ICAO TAC later in November. Mr. Azoulai added 
that as an internal document it would be shared only members of EUROCAE for coordination. Dr. 
Hegarty then set the task to take this to the coordination committee and we would table further 
discussions for now. 

 
Agenda Item 6. Action Item Review 

 
Dr. Ligler indicated that he would like to go ahead and handle Item 9 (meeting schedule and place) 
at this time. Dr. Hegarty indicated that the proposed special plenary (112) would be planned for the 
summer of 2022 but actual date was to be determined. The 113th plenary was discussed and a date of 
the week of the 24th of October 2022 was agreed to by the group. 

 
The group then returned to Item 6 and determined there were no items to review. 

 
Agenda Item 7. Assignment/Review of Future Work. 

Dr. Hegarty noted that no items had been identified 

Agenda Item 8. Other Business 

Dr. Hegarty asked for any other business and none was presented. 
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Agenda Item 9. Adjourn 

The meeting was adjourned at 1:30 eastern standard time 

Dr. Hegarty thanked all participants and adjourned the meeting. 

CERTIFIED as a true and accurate summary of the meeting. 

-S- -S- 
Dr. Christopher Hegarty Dr. George Ligler 
Co-chairman Co-chairman 
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