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	SUMMARY

	This paper contains the report of the June 2022 meeting of the ICAO NSP Spectrum Working Group, SWG. The following topics discussed in the SWG have particular relevance for the FSMP:

· Review of LDACS SARPs provided in the frame of inter-panel coordination by ICAO NSP
· Status of the development of revised LDACS versus DME/TACAN Compatibility Testing Plan
· Review of the recently published ICAO Doc 9718, Vol. II by ICAO NSP
· Proposed amendment to Annex 10, Volume V consequential to the recent publication of the update of DOC 9718, Vol. II. 



1. INTRODUCTION

1.1.  Appendix A of this paper contains the report of the June 2022 meeting of the ICAO NSP SPECTRUM WORKING GROUP, SWG (JWGs/9-flimsy 23, rev.2).

1.2. Appendix B contains an excerpt of ICAO NSP’s GBAS Working Group (GWG) meeting report (JWGs/9 Flimsy 16, Rev 1) covering the discussion of the joint session of the SWG with the GWG from 22nd of June 2022.
1.3. The following topics discussed in the SWG have highest relevance for the ICAO FSMP:
· Review of LDACS (L-band Digital Aeronautical Communications System) SARPs (i.e., a Proposal for Amendment of Annex 10, Vol. III), which was provided to ICAO NSP by the ICAO Communications Panel for inter-panel coordination
· Draft ‘revised versus DME/TACAN Compatibility Testing Plan’, which still needs further work.
· Review of the recently published ICAO Doc 9718, Volume II containing Frequency assignment planning criteria for ILS, VOR, DME and GBAS VDB DOC 9718, Vol. II by the SWG.
· Proposed amendments to Annex 10, Volume I and Volume V consequential to the publication of frequency assignment planning rules for radio navigation systems in ICAO DOC 9718, Vol. II. => The proposed amendment to Annex 10, Volume V was provided to the ICAO FSMP for review by correspondence with a deadline end of September 2022. 
· Envisaged publication of EUROCAE ED 114B with appendix Q covering GBAS VDB same airport compatibility analysis. => Among other things, this could be mentioned in a new note in ICAO Doc 9718, Volume II, Chapter 6, when preparing a corrigendum to Doc 9718, Volume II.
Appendix A: Report of the June 2022 meeting of the ICAO NSP SPECTRUM WORKING GROUP, SWG (JWGs/9-flimsy 23, rev.2):
REPORT

OF THE 15th MEETING OF THE 


ICAO NSP SPECTRUM WORKING GROUP (SWG)
22nd to 28th June 2022, hybrid meeting

I. Introduction

The Spectrum Working Group (SWG) was meeting in the frame of the hybrid meeting of the ICAO NSP JWGs/9. The following sessions with participation of the SWG took place:

· 22nd of June 2022: Joint session of GWG and SWG (Covered by GWG meeting report, Flimsy 16)

· 23rd of June 2022: Joint session of GSWG and SWG (Covered by this report)

· 27th of June 2022: Joint session of CNTWG and SWG (Covered by this report)

· 28th of June 2022: Joint session of SWG, VWG an CNTWG (Covered by this report)

Appendix A of this report contains an updated list of action items. Appendix B provides a list of SWG participants. The table below contains an overview of agenda items with corresponding working and informa​tion papers, which were discussed:

	WP/IP No. 
	Title 
	Presented to NSP by (Presented to SWG by)

	Agenda Item 6a): Signal and compatibility issues in the in the band 108 to 117.975 MHz

	The following paper was discussed in the joint session of the SWG and the GWG on 22nd June 2022

This discussion is covered by the GWG meeting report (JWGs/9Flimsy 16). 

	WP31
	ICAO Doc 9718 Handbook on Radio Frequency Spectrum Requirements for Civil Aviation Volume II — Frequency assignment planning criteria for aeronautical radio communication and navigation systems, Second Edition, 2022
Chapter 6: New material for frequency assignment planning of GBAS VDB with the goal to replace existing material on this topic in Annex 10, Volume I.
	SWG rapporteur

	

	Agenda Item 6b): Signal and compatibility issues in the band 960 to 1215 MHz

	

	The following papers were first discussed in the plenary meeting of the NSP on 21st of June 2022 and then again in the joint session of the SWG and the CNTWG on 27th of June 2022. The discussion in the plenary is covered by the plenary meeting report. The discussion in the joint session of the SWG and the CNTWG is reflected in this report

	WP19, rev.1
	Presentation of LDACS SARPs (Proposal for Amendment of Annex 10, Vol. III)
	ICAO secretary

(ICAO CP DCIWG 
PT-T rapporteur)

	WP02
	Draft LDACS SARPs (L-band Digital Aeronautical Communications System) for comments
	ICAO secretary

(ICAO CP DCIWG 
PT-T rapporteur)

	WP12, rev.1
	Draft Revised LDACS (L-band Digital Aeronautical Communications System) versus DME/TACAN Compatibility Testing Plan
	SWG rapporteur

	IP11
	Analysis of L-DACS Performance when co-existing with DME signals
	Wang Zhipeng

(Guo Kai)

	Note: The following flimsy was provided in support of the discussion of WP12

	Flimsy 11
	Use of DME/TACAN channels 16X (977 MHz), 17X (978 MHz) and 18X (979 MHz) in Europe
	SWG rapporteur

	Note: The following paper was first discussed joint SWG/GSWG meeting on 23rd of June 2022 and then again in the joint session of the SWG and the CNTWG on 27th of June 2022. Both discussions are covered in this report.

	IP10, rev.1
	Effects of DME and L-DACS on BDS B2
	Wang Zhipeng

(Guo Kai)

	Note: The following paper was provided ins support of WP02. Time did not permit to discuss it.

	IP35
	 LDACS technical specification


	ICAO secretary



	Note: The following Flimsy is an output of the discussion of the Draft LDACS SARPs in WP02

	Flimsy 22
	Comments on frequency compatibility related characteristics of LDACS in the Draft LDACS SARPs
	SWG rapporteur

	

	Agenda Item 6c): Signal and compatibility issues in the band 5000 to 5150 MHz

	Note: No papers have been presented and no discussion took place under this agenda item.

	

	Agenda Item 6d): GNSS signal and interference issues

	Note: The papers below, were discussed by a joint meeting SWG and GSWG on 24th June 2022. The discussion is covered by this report.

	IP05
	Proposed labelling framework levels to assess the RFI detection, localization, and mitigation capabilities of GNSS equipment
	Presented by Eric Châtre,

(Giovanni Vecchione)

	IP15
	AIRING operational concept
(AIRING = Aviation Resilience to GNSS Frequency Jamming and Cyber Threat)
	Presented by Eric Châtre,

(Giovanni Vecchione)

	IP23
	GNSS performance monitoring and GPS Outage support case by NPAC in Japan
	Kuniyuki Matsuda

(Toshiki Hirakata, Hironori Handa, Takahiro Aso)

	IP10, rev.1
	Effects of DME and L-DACS on BDS B2
	Wang Zhipeng

(Guo Kai)

	

	Agenda Item 6e): Open actions for the SWG from the ICAO NSP Panel meetings

	Note: No papers have been presented and no discussion took place under this agenda item.

	

	Agenda Item 6f): Spectrum – any other business

	Note The paper below was discussed in the Joint session of SWG, VWG an CNTWG on 28th of June. The discussion is covered by this report.

	WP31
	ICAO Doc 9718, Handbook on Radio Frequency Spectrum Requirements for Civil Aviation Volume II — Frequency assignment planning criteria for aeronautical radio communication and navigation systems, Second Edition, 2022
Chapter 3: New material for frequency assignment planning of ILS with the goal to replace existing material on this topic in Annex 10, Volume I. 

Chapter 4: New material for frequency assignment planning of VOR with the goal to replace existing material on this topic in Annex 10, Volume I.

Chapter 5: New material for frequency assignment planning of DME with the goal to replace existing material on this topic in Annex 10, Volume I.

Chapter 6: New material for frequency assignment planning of GBAS VDB with the goal to replace existing material on this topic in Annex 10, Volume I.

	SWG rapporteur

	WP26
	Proposed amendments to Annex 10, Volume I and Volume V on frequency assignment planning and utilization for radio navigation systems
	ICAO secretary

	Note: WP26 contains hyperlinks to the following papers:

	JWGs/8- WP02, rev.1
	Proposed amendments to Annex 10, Volume I on frequency assignment planning for radio navigation systems ILS, VOR, DME and GBAS

	JWGs/8-WP03, rev.2
	Validation matrix for WP2 (proposed amendments to Annex 10, Volume I on frequency assignment planning for ILS, VOR, DME and GBAS)

	JWGs/8-WP04- rev.1
	Proposed amendments to Annex 10, Volume V on frequency utilization for ILS, VOR, DME and GBAS/VDB

	JWGs/8- WP05, rev.1
	Validation matrix for WP3 (proposed amendments to Annex 10, Volume V on frequency utilization for ILS, VOR, DME and GBAS)

	Note: The output of the discussion of WP26 is contained in the flimsies below.

	Flimsy 15
	Annex 10, Vol. I Validation Matrix
	VWG rapporteur

	Flimsy 13
	Proposal for Amendment of Annex 10, Vol. V
	VWG rapporteur

	Flimsy 14
	Annex 10, Vol. V Validation Matrix


	VWG rapporteur


II. Results of the Discussions

This meeting report covers the discussions in following meetings:

· 23rd of June 2022:
Joint session of GSWG and SWG

· 27th of June 2022:
Joint session of CNTWG and SWG

· 28th of June 2022:
Joint session of SWG, VWG an CNTWG

Agenda Item 6a): Signal and compatibility issues in the in the band 108 to 117.975 MHz
Note: The following paper was discussed in the joint session of the SWG with the GWG on 22nd of June 2022. The discussion is covered in the meeting report of the GWG.
IP31,
ICAO Doc 9718, Handbook on Radio Frequency Spectrum Requirements for Civil Aviation Volume II - Frequency assignment planning criteria for aeronautical radio communication and navigation systems, Second Edition, 2022

Agenda Item 6b): Signal and compatibility issues in the band 960 to 1215 MHz
WP19, rev.1,
Presentation of LDACS SARPs (Proposal for Amendment of Annex 10, Vol. III)

6b1) This working paper provides background information for the inter-panel coordination of the LDACS SARPs (Attachment to WP02). A Jobcard CP-DCIWG.010.02, "Future L-Band Terrestrial Data Link System" (LDACS) is assigned to ICAO CP DCIWG PT-T with the task to develop initial standards and accompanying documentation for LDACS. DCIWG PT-T is coordinating with the respective ICAO panels, mainly with the Navigation Systems Panel (NSP) and the Surveillance Panel (SP), as well as external entities to ensure compatibility between LDACS and the already operating Communications, Navigation, and Surveillance (CNS) systems in L-band.

6b2) The development of LDACS SARPs has been initially endorsed by DCIWG/2 in October 2018. This material has then been reviewed within PT-T by Air Navigation Service Providers (ANSPs), research, and industry. During this review also input and comments received during discussions with other ICAO Panels on LDACS compatibility, have been considered. The feedback and comments received have been utilized for further improvement. At CP DCIWG/5 in May 2022, the LDACS SARPs have been accepted for inter-panel coordination. The DCIWG Secretary has sent out the LDACS SARPs for inter-panel coordination to the respective ICAO Panels including NSP.

6b3) In the discussion of WP19, it was mentioned that work is ongoing with the SWG on compatibility of LDACS with DME TACAN (see also discussion of WP12). The expected outcome of that work is compatibility criteria between LDACS and DME/TACAN. Once these were agreed, these criteria would be documented, not in the LDACS SARPS but in an ICAO LDACS Manual (ICO DOC 10172) which is currently under development by the PT-T. Based on such compatibility criteria frequency assignment planning criteria would be developed and most probably published in a new chapter of ICAO DOC 9718 dedicated to LDACS. Moreover, an amendment to ICAO Annex 10, Vol. V on the frequency use of LDACS is envisaged.
6b4) Paragraph 2.4 of Revision 1 of WP19, contains additional considerations on how LDACS needs to comply with the EIRP limits in ITU-R resolution 417. ITU-R Resolution 417 specifies maximum EIRP values for non-pulsed ground and aircraft emissions and sets limits on emissions in the band between 960 and 1164 MHz as well as to spurious emissions in the band above 1164 MHz. According to ITU-R Resolution 417, LDACS ground stations operating between 1110 and 1124.5 MHz are allowed to use the maximum EIRP of 44 dBm as specified in the LDACS SARPs. For LDACS ground stations operating between 1125 and 1135 MHz, the maximum allowed EIRP value shall be calculated as follows:



EIRP = 43.85 dBm - (foperating - 1125)*(26 dB)/16,

where foperating is the operating frequency of the ground station (in MHz). 

6b5) As an example, this would result in an EIRP value of EIRP = 27.6 dBm for a ground station operating at 1135 MHz. For protection of RNSS operating in the frequency band 1164-1215 MHz the LDACS out-of-band EIRP shall be lower than -60.8 dBm in any 1 MHz of the band within the frequency range 1164-1215 MHz.

6b6) In the discussion of WP19 and WP19, rev.1 it was emphasized by various members of the meeting, that further work regarding the potential impact of LDACS emissions on GNSS in the band 1164 to 1215 MHz is considered necessary. Such an analysis may, or may not, result in the need to revise ITU-R resolution 417 in order to adequately protect GNSS.

6b7) One concern that was raised in the discussion was, that in the draft LDACS SARPs it was not clearly stated that ITU-R Resolution 417 does not only limit the EIRP of ground-based stations below 1164 MHz, but also of airborne stations. Therefore, the meeting requested LDACS SARPS contain a clear requirement that LDACS Airborne Station and also LDACS Airborne Station emissions need comply with ITU-R Resolution 417.
6b8) LDACS experts pointed out that due to the fact that LDACS Airborne stations are nominally working in the sub-band 964 to 1010 MHz with a maximum duty cycle of 10 %. Therefore, it was unlikely that the would be an impact to GNSS above 1164 MHz. Nevertheless, the meeting asked for an analysis that there is no impact of LDACS Airborne stations emissions in the band above 1164 MHz on the reception of GNSS above.

Action SWG15/01: Michael Schnell to provide an analysis of the potential impact on LDACS Airborne Station emissions on GNSS above 1164 MHz.
6b9) Another issue that was raised by the meeting, was that section 15.3.1.4 of the Draft LDACS SARPS only briefly states “Compatibility between LDACS and the onboard interrogator of the Distance Measuring Equipment (DME) shall be ensured through proper LDACS frequency planning and assignment.”. In as similar way, sections 13.6.31. only briefly states “Compatibility between LDACS GS and DME shall be ensured through proper LDACS frequency planning and assignment.” The meeting requested that more detailed guidance should be contained in the SARPS where information on frequency compatibility and on frequency assignment planning are available (e.g., “frequency compatibility criteria are contained in the LDACS Manual, ICAO Doc 10172 and frequency assignment planning rules are contained in ICAO Doc 9718”).
6b10) Moreover, members of the meeting raised concern that the Draft LDACS SARPs do not limit the Peak to Average ratio (PAPR) of the LDACS signal. Section 13.4.4.4 only state “Recommendation.- LDACS AS peak-to-average power ratio (PAPR) should not exceed 11 dB measured directly at the transmitter output. It was explained that the LDACS PAPR will never exceed 17 dB (10∙ log the number of 50 sub-carriers). The meeting requested to add the information to the LDACS SARPS that the PAPR is ‘by design’ limited to a maximum value of 17 dB and what the likelihood of occurrence and the maximum duration of a 17 dB peak is.
WP02,
Draft L-Band Digital Aeronautical Communications System (LDACS) SARPs
6b11)  The Appendix of this WP contains the draft LDACS SARPs (i.e., the proposal for amendment of Annex 10 Vol III), which is presented to the ICAO Navigations systems Panel for inter-panel coordination.

6b12) The main points of discussion of the draft LDACS SARPs in the JWGs/9 meeting were the provision of APNT services and frequency compatibility-related characteristics of LDACS. This meeting report focuses on the frequency compatibility-related topic. The discussion of APNT-related issues is covered by the meeting report of the CNTWG).

6b13) During the presentation of the draft LDACS SARPs many questions on detailed LDACS characteristics were asked. In order to provide such additional information, IP35 containing the ‘LDACS technical specification’ was provided, without further discussion.
6b14) Members of the meeting emphasized that section 15.3.1.4 of the Draft LDACS SARPS only briefly states "Compatibility between LDACS and the onboard interrogator of the Distance Measuring Equipment (DME) shall be ensured through proper LDACS frequency planning and assignment." In a similar way, sections 13.6.31. only briefly states "Compatibility between LDACS GS and DME shall be ensured through proper LDACS frequency planning and assignment." The meeting recommended that more detailed guidance should be put into the SARPS where information on frequency compatibility and on frequency assignment planning are available (e.g., "frequency compatibility criteria are contained in the LDACS Manual, ICAO Doc 10172" and "frequency assignment planning rules are contained in ICAO Doc 9718").

6b15) Moreover, it was observed by Mike Biggs (FAA) that section of the Draft LDACS SARPS 13.4.7.1 specifies the LDACS Spectrum Mask which results for LDACS transmitter with +44 dBm EIRP to +44 dBm - 90 dB = -46 dBm at its frequency edge at 4 MHz from centre frequency. On the other hand, section 13.4.7.2 specifies the LDACS spurious emission limit of -36 dBm at an offset of 1250 kHz from the carrier frequency. The meeting supported the proposal that there is no need to demand a limit for the LDACS emission below the spurious emission limit of -36 dBm (unless ITU-R-Resolution 417 demands a more stringent limit).

6b16)  Furthermore, it was highlighted by members of the meeting that section 13.4.7.1 specifies the LDACS Spectrum Mask, section 13.4.7.2 specifies the LDACS spurious emission limit, and section 13.6.3 states that the additional emission limits (varying with frequency-offset from the GNSS band-edge at 1164 MHz) contained in ITU-Resolution 417 need to be respected. The meeting supported the proposal that in the LDACS SARPs there should be a clear overview of the frequency ranges, where these 3 different types of emission limits are applicable.

6b17) A question was raised by Joel Wichgers (Collins) regarding the completeness of the current draft LDACS SARPs (provided in JWGs/9-WP2, Attachment #1) in Section 13.5, entitled “SYSTEM CHARACTERISTICS OF THE AIRBORNE INSTALLATION” to ensure the continuity compatibility with regard to other L-Band services. For example, Section 13.5.1.4 in this same paper specifies the airborne LDACS compatibility with DME, but the draft SARPs are insufficient to protect the continuity of DME services. Airborne LDACS systems need to be implemented with the capability to tune and transmit on LDACS channels over the entire specified LDACS frequency range and to protect the continuity of the other L-Band services, for compatibility it will be required to ensure that airborne LDACS transmissions only occur on the specifically allowed frequency (or frequencies) up to the allowed EIRP that have been determined by the appropriate frequency planning and assignment. 

6b18) In principle, there are several potential ways that this could be controlled, including for example:
· #1) requiring the airborne LDACS equipment to only transmit in response to LDACS ground transmissions that identify the allowed LDACS frequency (or frequencies) that aircraft may transmit on and maximum EIRP, or 
· #2) having an airborne data base that identifies which LDACS airborne transmit frequency (or frequencies) can be used in each region and maximum EIRP. Use of data bases increases cost significantly, so the first alternative is strongly preferred. 

6b19) There may be other options, but other options were not discussed. Further SARPs specification and/or guidance material associated with the continuity compatibility of LDACS with DME (and other L-Band Services, as appropriate) should be considered to be specified in the LDACS SARPs to ensure compatibility with other L-Band services such that appropriate airborne equipment MOPS level requirements can be developed. Klauspeter Hauf (DFS) indicated that option #1 above will be implemented for LDACS aircraft-to-ground communications. Therefore, there would be no need for LDACS airborne equipment to have an own channel selection mechanism, preventing the selection of DME channels which are in use in the airspace where the aircraft is flying at a given point in time. (IP35, LDACS technical specification).

IP35, LDACS technical specification

6b20) This paper was provided ins support of WP02. Time did not permit to discuss it in detail.

Flimsy 22, Comments on frequency compatibility related characteristics of LDACS

 in the Draft LDACS SARPs

6b21) In this paper, the SWG paper summarizes the comments of participants of the joint SWG/CNTWG session on frequency compatibility related characteristics of LDACS in the Draft LDACS SARPs (Attachment 1 of JWGs/9-WP02) which were collected in joint sessions of the SWG with the GSWG and the SWG with the CNTWG at the JWGs/9 meeting. It is provided to support feed-back by the Navigation Systems Panel in the frame of inter-panel coordination of the Draft LDACS SARPs. 
WP12, rev.1, Draft Revised LDACS (L-band Digital Aeronautical Communications System) versus DME/TACAN Compatibility Testing Plan

6b22) This paper provides the latest draft of a revised ‘LDACS/DME compatibility plan’. The open issues of the Compatibility Testing Plan were discussed as follows:

6b23) UAT background: 

· A new statement at the top of section 2.1.6 on UAT background has been inserted: “To protect DME/TACAN use in regions where DME and TACAN are using channels near 978 MHz it is essential to also apply the UAT background described below, when analysing the impact of LDACs on DME/TACAN.” 

· The discussion on applicable UAT background (in particular about the off-board case) has been concluded. UAT background characteristics have been agreed.

6b24) Mutual Suppression Bus:

· Concerns were raised, that the LDACS reverse Link Signal with a duty cycle of up to 10 % could contribute an addition MSB load of 10 % whereas other systems connected to the MSB are only allowed to contribute 1 % (see ([ICAO Doc 9863], section 3.7.3.4)

· It remains unclear whether LDACS could or would need to use the Mutual Suppressions Bus.

· An action item was assigned (to Michael Schnell, DLR) to check whether LDACS needs to use the MSB in order to achieve on-board compatibility with 1030/1090 MHz systems and DME/TACAN (e.g., avoid impact on ID-tone)

· Another action item is ongoing (to Gerhard Berz, EUROCONTROL) to check the MSB load of existing systems (SSR, TCAS/ACAS, ADSB, DME) assumed in this document by comparison with the load used in the UAT EMC certification
Action SWG15/02: Michael Schnell, to check, whether LDACS needs to use the MSB in order to achieve on-board compatibility with 1030/1090 MHz systems and DME/TACAN (e.g., avoid impact on ID-tone)
Action SWG15/03: Gerhard Berz, to check the MSB load of existing systems (SSR, TCAS/ACAS, ADSB, DME) assumed in this document by comparison with the load used in the UAT EMC certification.
6b25) DME-background

· Questions were raised, whether it is adequate to use the DME/TACAN Ground Transponder and interrogator background which were sued in the US JTIDS EMC test program. The rational is that these data a very old (1984) and may not reflect the European situation.

· The derivation of a new European DME/TACAN background appears difficult, since it is hard to determine the interrogation rate of DME ground transponders by all aircraft interrogating a given transponder. Modifications of the ATC interfaces of DME Transponders may be necessary in order to display the interrogation rate. It was mentioned that the interrogation rate adds to the quiescent squitter rate. However, some DME transponders seem to reduce the quiescent squitter rate if the interrogation rate increase.
· An Action items was assigned to provide the down-link and up-link DME/TACAN characteristics (EPE) which were used for France and Italy in the US-programme for derivation of Frequency Clearance Agreements for Link16 to be used for the ‘European scenario’.

Action SWG15/04: John Patrick to provide the down-link and up-link DME/TACAN characteristics (EPE) which were used for France and Italy in the US-programme for derivation of Frequency Clearance Agreements for Link16 to be used for the ‘European scenario’.
6b26) Peak to Average Power Ratio of LDACS (PAPR)

Concerns were raised that the current Draft LDACS SARPS does not limit the PAPR. It was explained that the LDACS PAPR will never exceed 17 dB (10∙ log the number of 50 sub-carriers). The meeting requested to provide additional information on the probability of PAPR values between 11 and 17 dB. Moreover, it should be explored how likely it is that an LDACS signals has two peaks within the distances of the DME X- and Y-Code double-pulses.

6b27) Minimum isolation between L-band-systems onboard aircraft

The discussion about the correct assumption for the isolation between the antenna used by LDACS and the antennas of other onboard systems (e.g., SSR transponder, ACAS/TACAS, ADSB, DME) is ongoing. Evidence was presented that the minimum isolation is as little as 20 dB (RTCA DO 282 p.281: Section 3.2.1.5.). However, there is an open action to Michael Schnell (DLR) to provide typical values and reference, which were used by Rhode & Schwarz (e.g., from ICAO ASWG TSG WP 14-30, February 2022).
Action SWG15/05: Michael Schnell, to provide typical values and references for minimum isolation between L-band-systems onboard aircraft (e.g., from ICAO ASWG TSG WP 14 30, February 2022).

6b28) The agreed changes, action items, comments, and action items on WP12 which were collected by the SWG rapporteur during the discussion of this paper are contained in revision 1 of WP12. 

6b29) The way forward towards a final “Revised LDACS versus DME/TACAN Compatibility Testing Plan” was discussed as follows:

· A list of open issues in the testing plan will be compiled by the SWG rapporteur

· Open Actions (mentioned above) need to be accomplished

· Further virtual meetings of the SWG dedicated to the “Revised LDACS versus DME/TACAN Compatibility Testing Plan will be arranged, once there is progress with the open actions.

6b30) The meeting agreed that further work is necessary in order to obtain an agreeable final testing plan. Therefore, the SWG rapporteur was requested to host to arrange further teleconferences for this purpose. 

Action SWG15/06: Felix Butsch, to arrange further teleconferences for the further development of a revised “LDACS/DME compatibility testing plan”.
IP11, Analysis of L-DACS Performance when co-existing with DME signals

6b31) This paper provided by Chinese expert, presents thee research plan for analysing the L-DACS communication performance when co-existing with DME signals. Moreover, the analysis that has already been completed is presented, which includes the establishment of L-DACS forward links, the construction of a hardware test platform, the validation of L-DACS signal characteristics, the analysis of the minimum signal-to-interference-noise ratio that enables L-DACS acquisition.
6b32) In the discussion of IP11, it was proposed to vary the level of the desired LDACS signal in order to establish the sensitivity of the LDACS reception. The nominal sensitivity of an LDACS receiver is specified as -103 dBm.
Agenda Item 6c): Signal and compatibility issues in the band 5000 to 5150 MHz
Note: No papers have been presented and no discussion took place under this agenda item.

Agenda Item 6d): GNSS signal and interference issues
Note: The papers below, which are covered by this agenda item, were discussed in the joint session of SWG, GSWG on 23rd of June 2022. 

IP05,
 Proposed labelling framework levels to assess the RFI detection, localization, and mitigation capabilities of GNSS equipment

6d1) The meeting noted that the AIRING (Aviation Resilience to GNSS Frequency Jamming and Cyber Threat) project sponsored by the European Commission investigates the technical and procedural solutions that can be introduced in civil aviation, to increase resilience of GNSS equipment against RF interference. This paper presents an initial proposal of a labelling framework to assess the RFI detection, localization, and mitigation capabilities of a user equipment. It provides a classification of airborne navigation equipment, resilient PNT conformance framework, and user equipment labelling. The proposal aims at assessing the response of aviation GNSS receivers to RFI (jamming and spoofing), and to define a future labelling scheme both for on-board detection and mitigation capacities and on-ground detection and localization capabilities. 

6d2) Among other things, the paper compares jamming threats defined in the draft DFMC MOPS (EUROCAE ED 259A) with the AIRING proposed jamming test scenarios. It is mentioned that the goal of the DFMC MOPS tests is to check that a user equipment meets the minimum RFI mitigation requirements, whereas the objective of the AIRING tests is to compare the detection and mitigation effectiveness of different technologies. The DFMC MOPS does not yet include specific RFI detection requirements, nor specific tests. The recent joint meeting of RTCA SC159-WG2 and EUROCAE WG62 (WG2/62) agreed to define a generic C/N0 estimator in the MOPS to be used to output the average estimated C/N0 computed using tracked measurements on L1/E1 and L5/E5a. This generic C/N0 estimator will also be used to generate and output L1 and L5 RFI flags by the receiver. The requirements on the C/N0 estimator output and RFI flags are still under development by WG2/62. 
6d3) In the discussion of IP05, members of the meeting observed, that the proposed labelling framework is rather a ‘system level framework’ than a ‘receiver level framework’. It would be desirable to have a labelling scheme that is limited to GNSS receivers using the already agreed threat space.

6d4) Others questioned that the labelling qualification for GNSS receivers is foreseen be voluntary, (i.e., manufacturers of user equipment would decide whether to qualify their equipment for a labelling level or not). This means that the implementation of a labelling scheme would not affect the applicable certification standards. They argued that the RFI tests in the DFMC MOPS should rather be modified in order to make the tests proposed in the labelling scheme (e.g., the spoofing tests) mandatory. This would be of particular importance in the light of the recent increase of GNSS RFI cases.

6d5) The members of the meeting were invited to further review the paper and to provide comments via the SWG rapporteur until end of September 2022, in due time before the end of the AIRING project.

Action SWG15/07: Members of SWG and GSWG to provide feedback on the ‘Proposed labelling framework levels to assess the RFI detection, localization and mitigation capabilities of GNSS equipment’ (JWGs/9-IP05) until end of September 2022 via the SWG rapporteur (E-mail: Felix.Butsch@DFS.de).

IP15,
AIRING operational concept

6d6) This paper mentions, that in recent years an increasing number of RFI has been documented by aviation users and in particular by EUROCONTROL who raised the issue with ITU. Furthermore, major disruption of GNSS has been detected also in North-eastern parts of Europe following the start of the Ukraine crisis with issuance of a safety information bulletin by EASA.

6d7) In the AIRING project an analysis was performed with the goal to assess how to tackle RFI both from a technical and an operational perspective as a part of a European strategy to systematically address interference detection and mitigation in our ATM environment. 

6d8) This paper describes the concept of operations presenting the mitigation actions and contingency plans envisaged for operational stakeholders (ATCOs, pilots, Network Manager, etc.). A set of recommended operational actions for ANSPs and other related actors to deal with the GNSS RFI (Radio Frequency Interference) events with impact (or potential impact) in aviation is provided herein.

6d9) Members of the meeting suggested that any information on GNSS RFI gained by means of RFI monitoring, detection and localization should not only provided to aviation users of GNSS, but also to GNSS users in other safety-critical domains, like maritime and military.

6d10) The members of the meeting were invited to further review the paper and to provide comments via the SWG rapporteur until end of September 2022, in due time before the end of the AIRING project.

Action SWG15/08: Members of SWG and GSWG to provide feedback on the ‘AIRING operational concept’ (JWGs/9-IP15) until end of September 2022 via the SWG rapporteur (E‑mail: Felix.Butsch@DFS.de).

IP23,
GNSS performance monitoring and GPS Outage support case by NPAC in Japan

6d11) IP23 reports that the Japan Civil Aviation Bureau (JCAB) established in 2020 a Network Performance Assessment Center (NPAC) for the mission of centrally monitoring, analysing, and assessing service levels of CNS as the core of CNS performance management.

6d12) In order to improve the performance of RAIM prediction and real-time monitoring of GNSS performance, Japan has developed the GNSS Prediction and Monitoring equipment (GPM) to provide RAIM prediction services, continuous monitoring of satellite information, and analyse and evaluate the accumulated information about GNSS. GPM system is composed of multiple locations and acquires satellite information and GNSS performance information observed by aircraft. 

6d13) NPAC collects GNSS signals by GPM system and provides the following three services to users:
· GNSS performance prediction service for ABAS and SBAS.

· GNSS performance monitoring service for aircrafts using GNSS

· GNSS performance analysis and evaluation service for users who can use GNSS safely and continuously
6d14) Moreover, IP23 provides an example of a case, where a degradation of GPS Navigation Performance in the oceanic airspace in Fukuoka FIR was observed by the monitoring system. ATC oceanic control system in Japan, indicated that the Figure Of Merit (FOM) level (a navigation performance index used in ADS-C application) dropped near the south-eastern offshore of Hokkaido on multiple routes to the United States. At the same time, aircrafts reported that EICAS Advisory Message of ADS-B OUT were also occurred. Unfortunately, NPAC was not able to identify the cause of these events, because the place of occurrence was on oceanic area, where no monitoring stations were available.
IP10, rev.1
Effects of DME and L-DACS on BDS B2
Note: This paper was first discussed by in the joint session of SWG with GNSWG on 23rd of June and then again in the joint session of SWG with CNTWG on 27th of June 2022. For the second discussion, revision 1 of the paper was provided, which already takes into account feed-back from the first session.
6d15) This paper provides the preliminary results related to the analysis of the DME and L-DACS effects on signals of the BeiDou Navigation Satellite System (BDS) B2a signal. The BDS B2a signal is broadcast within a bandwidth of 20.46 MHz with the centre frequency of 1176.45 MHz. 

6d16) Beihang University (China) developed software defined radio (SDR) based testbed in order to investigate the impact of DME and L-DACS on B2a signals. The following indicators were used to evaluate the impact on B2a signal acquisition and tracking performance:

· Correlation peak to the next peak ratio (CPPR)

· Correlation peak to mean peak ratio (CPPM)

· Effective C/N0 (i.e., C/N0_effective)

· Code tracking errors
6d17) Concerning the impact of DME the following results were obtained:

· The CPPR gradually decreases with the increase in DME signal power, indicating a deterioration of the B2a acquisition performance.

· Above a certain power level, the DME signal leads to the reduction of C/N0_effective, thus resulting in the degradation of the tracking performance.

6d18) Concerning the impact of LDACS the following results were observed.

· When the signal power of an LDACS signal a 1164 MHz is lower than -50 dBm, almost no adverse influences are observed in the code tracking errors and C/N0_effective. Above -50 dBm a gradual increase in the code tracking errors and decrease in the C/N0_effective occurs. 

· When the L-DACS signal power increases to -30 dBm a significant drop is seen in C/N0_effective indicating that the tracking loop fails to maintain locked.

6d19) In the discussion of this paper, members of the meeting pointed out that LDACS SARPs foresee a compliance with ITU-R- Resolution 417, which has the goal to protect use of GNSS in the band 1164 to 1215 MHz. The LDACS Forward Link (FL) is restricted to 1110 to 1156 MHz (see LDACS SARPs in WP2). In addition, LDACS FL transmit power is restricted to comply with ITU-R Resolution 417 (Table in WP19, Rev.1, Section 2.4). That means, that the LDACS max. EIRP of 44 dBm can only be applied to LDACS FL frequencies below 1125 MHz. Above 1125 MHz, the LDACS EIRP is decreased (e.g., to 27.6 dBm for an LDACS ground station operating at 1135 MHz). In addition, for protection of RNSS operating in the frequency band 1164-1215 MHz, the LDACS out-of-band emission shall be lower than -60.8 dBm in any 1 MHz of the band within the frequency range 1164-1215 MHz.
6d20) Other meeting participants recommend also to take the ‘Dual Frequency antenna selectivity masks’ for Dual-frequency GNSS receivers in RTCA-DO 373 into account when analysing the impact of LDACS. The meeting agreed that a potential impact of LDACS on GNSS in the band 964 to 1215 MHz should be further analysed, in order to find out whether ITU-R- Resolution 417, provides sufficient protection.

6d21) Furthermore, members of the meeting recommended, to take the distance between the antennas of LDACS transmitters (ground or airborne Stations) and BDS receivers (in aircraft in the air or on ground) into account when analysing compatibility between both.
Agenda Item 6e): Open actions for the SWG from the ICAO NSP Panel meetings

Note: No papers have been presented under this agenda item.

Agenda Item 6f): Spectrum – any other business
WP26,
Proposed amendments to Annex 10, Volume I and Volume V on frequency assignment planning and utilization for radio navigation systems

Note: Among other things this paper contains hyperlinks to the following papers:

· JWGs/8- WP02, rev.1, Proposed amendments to Annex 10, Volume I on frequency assignment planning for radio navigation systems ILS, VOR, DME and GBAS

· JWGs/8-WP04- rev.1, Proposed amendments to Annex 10, Volume V on frequency utilization for ILS, VOR, DME and GBAS/VDB

6f1) The validation of proposed amendments to Annex 10, Volume I on frequency assignment planning for radio navigation systems ILS, VOR, DME and GBAS contained in JWGs/8- WP02, rev.1 was regarded by the meeting as accomplished.
6f2) However, in order to complete the validation of proposed amendments to Annex 10, Volume V on frequency assignment planning for radio navigation systems ILS, VOR, DME and GBAS further steps were regarded necessary. As a first step, the join meeting reviewed this material (contained in JWGs/8- WP04, rev.1, Appendix A) again. Only minor editorial changes were considered necessary. The correct version of the material is provided as Flimsy 13. Finally, the meeting agreed that the material is ready to be to be sent to ICAO FSMP for further review. ICAO FSMP WG/15 will meet from 22nd August to 1st September 2022. It was arranged with the FSPM chairman, that FSMP will review the proposed amendments to Annex 10, Volume I and Volume V by correspondence with a deadline end of September 2022. The deadline for the submission of ICAO Annex 10 amendments to NSP/7 is 8th October 2022. Any feed-back from FSMP could be processed by NSP/7 prior to inclusion in the final Annex 10 amendment package.

6f3) The output of the discussion of WP26 is contained in the following flimsies, which were prepared by the VSWG rapporteur:

· Flimsy 15: Annex 10, Vol. I. Validation Matrix

· Flimsy 13: Proposal for amendment of Annex 10, Vol. V
· Flimsy 14:
Annex 10, Vol. V, Validation Matrix
6f4) Out of these flimsies, flimsy 13 containing the proposal for amendment of Annex 10, Vol. V is to be send to FSMP for review.

Action SWG15/09: A. Capretti to send ‘PfA of Annex 10, Vol. V’ related to frequency assignment planning rules for radio navigation systems (JWGs/9-Flimsy 13) to ICAO FSMP for review.
<Status of action items>

6f5) The existing ‘SWG Action Items’ were reviewed and updated in the frame of the review of the draft SWG meeting report by correspondence (Appendix A of this SWG meeting report). 

III
Administrative matters

The SWG rapporteur will arrange additional virtual meetings of the SWG for the further development of a revised “LDACS/DME compatibility testing plan”. The dates of these meetings will depend on the progress of action items, related to this topic.

The next regular meeting of the SWG will take place in conjunction the ICAO NSP/7 meeting, which is tentatively to take place from 9th to 20th January 2023 in Montreal.

APPENDIX A: ACTION ITEM LIST

	Action number
	Action


	Actionees
	Status

	Actions from the Montreal meeting May 2010 (SSG16):



	SSG16/02
	To provide results of the compatibility studies of L-DACS and DME.
	SSG members
	Ongoing: 

Partly fulfilled by JWGs/6-WP28

	

	Actions from the Montreal meeting of SWG December 2015 (SWG1):



	SWG01/02
	To report about progress on standardisation of increased robustness and warning capabilities against GNSS RFI and spoofing.
	RTCA- represent​ative to NSP
	Open

	SWG01/08
	To check the impact of the GBAS positioning service (addressed in section 7.2.1.5 of ICAO Annex 10, Vol. I, Appendix D) and the GBAS Extended Service Volume on frequency coordination. 
	SWG members
	Ongoing

	

	Actions from the Montreal meeting of SWG June 2017 (SWG4):



	SWG04/04
	To contribute to the development of a compilation of DME compatibility criteria.
	SWG members
	Open



	Actions from the Montreal meeting of SWG October 2017 (SWG5):



	GWG Action216
	To contribute to the development of a specification to be included into ICAO Doc 8071, Vol. II, how to evaluate fieldstrength measurement results.
	GWG members
	See GWG meeting report, JWGs/7 Flimsy 16!



	SWG05/03
	To provide to ICAO NSP SWG results of the frequency planning exercise for LDACS based on ICAO frequency list of European Aeronautical Radionavigation systems in the band 960 to 1215 MHz. 
	Michael Schnell
	Open

	

	Actions from the virtual meeting of SWG April 2020 (SWG11):

	SWG10/01
	To contribute to the correct interpretation of the requirements in Table B-79 “Maximum levels of undesired signals” of ICAO Annex 10, Vol. I, Amendment 92.
	SWG members
	Open

	SWG10/02
	To further explore the consequences of the specification of a maximum level of VHF-COM signals in the band 108 – 117.975 MHz in Annex 10, Volume I, Amendment 92, Appendix B, Table B-79.
	Robert Witzen
	Open

	

	Actions from the virtual meeting of SWG Nov 2020 (SWG12):

	SWG12/04
	To contribute to the derivation of a new set of fieldstrength availability curves for VOR/DVOR to replace Figure C-13 in Att. C to Annex 10, Vol. I.
	Members of SWG
	Open

	SWG12/06
	To present further evidence that it would be safe for frequency assignment planning for GBAS VDB to not undertake an assessment of frequency assignments that are separated by more than 50 kHz from the desired GBAS/VDB facility.
	Robert Witzen
	Open

	

	Actions from the virtual meeting of SWG November 2021 (SWG14):

	

	SWG14/01
	Explore the possibility to derive a European DME background for LDACS/DME compatibility tests.
	Gerhard Berz
	Open

	SWG14/03
	To coordinate with RTCA SC159 and EUROCAE WG62 in order to get status of progress on standardisation of increased robustness and warning capabilities against GNSS RFI and spoofing in support of SWG01/02.
	Barbara Clark
	Open,

Partly covered by JWGs9-IP05.

	

	Actions from the virtual meeting of SWG June 2022 (SWG15):



	SWG15/01
	To provide an analysis of the potential impact on LDACS Airborne Station emissions on GNSS above 1164 MHz
	Michael Schnell
	Open

	SWG15/02
	Michael Schnell, to check, whether LDACS needs to use the MSB in order to achieve on-board compatibility with 1030/1090 MHz systems and DME/TACAN (e.g., avoid impact on ID-tone)
	
	Open

	SWG15/03
	To check the MSB load of existing systems (SSR, TCAS/ACAS, ADSB, DME) assumed in this document by comparison with the load used in the UAT EMC certification.
	Gerhard Berz,
	Open

	SWG15/04
	To provide the down-link and up-link DME/TACAN characteristics (EPE) which were used for France and Italy in the US-programme for derivation of Frequency Clearance Agreements for Link16 to be used for the ‘European scenario’.
	John Patrick
	Open

	SWG15/05
	To provide typical values and references for minimum isolation between L-band-systems onboard aircraft (e.g., from ICAO ASWG TSG WP 14-30, February 2022).
	Michael Schnell
	Open

	SWG15/06
	To arrange further teleconferences for the further development of a revised “LDACS/DME compatibility testing plan”.
	Felix Butsch
	Open

	SWG15/07
	Members of SWG and GSWG to provide feedback on the ‘Proposed labelling framework levels to assess the RFI detection, localization and mitigation capabilities of GNSS equipment’ (JWGs/9-IP05) until end of September 2022 via the SWG rapporteur (E-mail: Felix.Butsch@DFS.de).
	Members of SWG and GSWG
	Open

	SWG15/08
	Members of SWG and GSWG to provide feedback on the ‘AIRING operational concept’ (JWGs/9-IP15) until end of September 2022 via the SWG rapporteur (E-Mail: Felix.Butsch@DFS.de).
	Members of SWG and GSWG
	Open

	SWG15/09
	To send ‘PfA of Annex 10, Vol. V’ related to frequency assignment planning rules for radio navigation systems (JWGs/9-Flimsy 13) to ICAO FSMP for review.
	A. Capretti
	Closed

	Action from joint SWG/GWG session of JWGs/9 (June 2022):

	GWG244
	Review ICAO Doc 9718 and provide comments/ corrections for corrigendum until Q4/2022 via E-Mail to Felix.Butsch@DFS.de 
	GWG members
	Ongoing
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	P
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	ACapretti@icao.int
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	P
	Eurocontrol
	andreas.lipp@eurocontrol.int

	Atsushi KEZUKA
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	US FAA
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	zhiqiangdan@126.com
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	P
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	Giovanni Vecchione 
	P
	Rhea Group, Advisor to the EC
	Giovanni.VECCHIONE@euspa.europa.eu

	Guo Jun
	P
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	Guo Kai
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	Beihang University, China
	guokai@buaa.edu.cn

	Huang Siqi
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	Beihang University, China
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	Airservices Australia
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	Beĳing Hualong Tong Science and Technology Co. Ltd, China
	wangshujingu@163.com


Note: Not all participants of the joint sessions with GSWG, CNTWG and GWG are contained. Contact details of members of these groups may be found in the meeting reports of these groups.

(See Appendix B on next page)

Appendix B: Excerpt from ICAO NSP JWGs/9 GBAS Working Group (GWG) meeting report
(JWGs/9 Flimsy 16, Rev 1) covering the discussion of the joint session of the SWG with the GWG
from 22nd of June 2022:
….
· Joint Meeting of GWG and the Spectrum Working Group (SWG)

A joint session of GWG and SWG was held on 11/10/2021. The joint session considered 3 topics

Publication of ICAO DOC 9718, Vol. II, chapter 6 on GBAS VDB frequency assignment planning (JWGs/9 IP 31)
· Current status of EUROCAE ED114B - change 1, including the new appendix Q, covering GBAS VDB same-airport compatibility guidance
· Steps towards a GBAS Manual

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

The handbook includes a new version of the ITU-R propagation model P.528-5. The “-5” version has a frequency range to 125 MHz to 15,500 MHz. An extension of the frequency range for Recommendation ITU-R P.528-5 to include the band 108–124 MHz is in progress. This revision is expected to include material relevant to horizontally polarized radio signals. 
A corrigendum to this latest version of 9718 is expected. There are several editorial errors (or shortcomings) that have been identified in Chapter 6. 
The publishing of the corrigendum may be an opportunity to add a note pointing to EUROCAE ED 114B appendix Q covering GBAS VDB same airport compatibility analysis.

An action was given to all GWG members to review 9718, particularly Chapter 6 to identify errors and shortcomings to be addressed in the Corrigendum. (See Action Item 244).  Felix Butsch coordinated with Loftur (secretary of FSMP) who confirmed that comments by the NSP 7 would be timely for inclusion in the corrigendum. 
There is a software package to support frequency planning that now includes GBAS.

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

There was discussion of the three-dimensional depiction of the GBAS DOC. This figure was originally planned to be put it into Annex 10 attachment D. It was omitted in the original validation exercise for the last amendment. GWG was supposed to get it in by State letter response from the UK. But that was missed. The only real difference between Figure 6-1 and the 3D version of Figure 6-1 is that the 3D version includes the coverage for autoland and guided takeoff. The 3D version was last discussed in JWGs7 WP 18. Suggested as a maintenance action, but was not implemented. 
After some discussion it was decided that the 3D figure should not be suggested for the corrigendum. It was deemed as not really practical for frequency planning facilities and that it could create confusion.

 

EUROCAE ED-114B - Change 1

ED114B Change 1 currently being produced by EUROCAE WG 28 includes the same airport compatibility material developed by GWG over the last few years. The Change 1 document should be out for review and comment (open consultation) in a couple of weeks. An action was given to Linda Lavik to announcement to the GWG and SWG mailing lists when the Change proposal goes out for open consultation. (See Action Item 245). Linda reported that there is nothing new in the document from what GWG has reviewed many times.

 GBAS Manual discussion
There was a brief discussion on the GBAS Manual. Due to other work load no progress was made on the GBAS Manual since the last meeting and no papers were brought on this agenda item. Felix Butsch asked if the long-term objective was to move the same airport compatibility material from ED-114B Change 1 into the GBAS Manual. Andreas Lipp pointed out that JWGs8 WP-13 – presented planning contents of the future GBAS Manual and that the outline included the same airport compatibility information.
….
Action Item List:

	Number
	Action
	Volunteer
	Due By
	Status

	244
	Review ICAO Doc 9718 and provide comments/corrections for corrigendum.


	All GWG Members
	4Q 2022
	Opened JWGs/9, Joint SWG/GWG discussion

	245
	Notify GWG and SWG mailing lists when EUROCAE ED-114B Change1 is out for open consultation
	Linda Lavik
	When EUROCAE ED-114B Change 1 is out for open consultation 
	Opened JWGs/9, Joint SWG/GWG discussion


…
— END —
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