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	SUMMARY

	This paper contains  the January 2023 meeting of the ICAO NSP Spectrum Working Group, SWG. The following topics discussed in the SWG have particular relevance for the FSMP:

· ICAO NSP/7 did finally approve the proposed amendments to Annex 10, Volumes I and V in the context of moving frequency assignment planning criteria for ILS, VOR, DME and GBAS VDB to ICAO Doc 9718, Vol. II.

· SWG did review and develop a proposal to update the GBAS VDB coverage volume specification, which is expected to be used in the frame of the envisaged publication of a Corrigendum to ICAO Doc 9718, Vol. II.
· SWG did compile a list of issues to be addressed in the context of analysing the compatibility of LDACS with other systems in the same band.

· After analysing the need to update ITU documentation following the new GNSS interference thresholds introduced in the SARPs for DFMC GNSS operations, NSP came to the conclusion that, NSP is not recommending updating ITU documentation considering the GNSS interference thresholds introduced in the ICAO SARPs Annex 10 Amendment 93. 


1. INTRODUCTION

1.1.  The Appendix of this paper contains the report of the January 2023 meeting of the ICAO NSP SPECTRUM WORKING GROUP, SWG (NSP/7-Flimsy 33, rev.2).

1.2. The following topics discussed in the SWG have highest relevance for the ICAO FSMP:
· ICAO NSP/7 did, with small changes, finally approve the proposed amendments to Annex 10, Volumes I and V in the context of moving frequency assignment planning criteria for ILS, VOR, DME and GBAS VDB to ICAO Doc 9718, Vol. II.

· In a joint session with the GBAS Working Group (GWG), the SWG did review and develop a proposal to update the GBAS VDB coverage volume specification, which is expected to be used in the frame of the envisaged publication of a Corrigendum to ICAO Doc 9718, Vol. II.
· In a joint session with the Conventional Navigation aids and Testing Working Group (CNTWG), the SWG did discuss the Draft ‘revised LDACS versus DME/TACAN Compatibility Testing Plan’. It concluded that the following issues related to the compatibility of LDACS still need to be solved:
· Mutual Suppression Bus:

To date there is no plan for LDACS to use the onboard Mutual Suppression Bus to avoid undue interference to DME/TACAN and 1030/1090 MHz systems like (Secondary Surveillance Radar transponder and ACAS/TCAS). 

Nevertheless, it is unclear, whether due to low isolation between onboard antennas of LDACS and other L-band systems e.g., of smaller airframes it may still be the only means to achieve compatibility. Therefore, there is still a need to further analyse the following parameters:

· Isolation between L-band antennas onboard aircraft for different types of airframes

· The MSB-load by 1030/1090 MHz systems and DME.

· The remaining tolerable MSB load for LDACS onboard transmissions.

· DME/TACAN background:

The current testing plan foresees compatibility tests between LDACS and DME with additional DME background. However, this background is based on a DME/TACAN background which was used during the US JTIDS EMC test program in 1984. It is desirable that a new DME/TACANS backgrounds e.g., for Europe are developed. This could be done applying the method which was used for the derivation of the ‘Italian Extraneous Pulse Environment’, EPE in the context of establishing Common Frequency Clearance Criteria (CFCC) from JTIDS/MIDS (Appendix of the testing plan).

· UAT use:

The testing plan contains compatibility tests between LDACS and DME with additional UAT background. It remains to be seen what channels in addition to the UAT channel (978 MHz) may be unusable by LDACS

However, it is unclear, whether some regions e.g., Europe will be using UAT in the future. It may turn out that Europe may introduce UAT for conspicuity of drones.

· Military use of the sub-band 962 to 978 MHz:

· Air-To-Air use of TACAN: some states channels in use have ‘all county assignments’, which will be respect in frequency assignment planning of DME/TACAN and LDACS. However, some countries may not have frequency assignments due to security reasons

· TACAN transponders on ships: Ships may use channels without a published frequency assignment

· Compatibility with Mode N:

If ICAO decides to introduce Mode N, the compatibility of LDACS with Mode N need to be analysed and sharing criteria need to be developed.

· Compatibility with 1030/1090 MHz systems:

The analysis of compatibility between LDACS and 1030/1090 MHz systems (Secondary Surveillance Radar, Multilateration systems, ACAS/TCAS) needs to be conducted in the frame of a cooperation between ICAO Communications Panel and ICAO Surveillance Panel.
1.3. Moreover, the following point from the joint session of the Spectrum Working Goup with the GNSS SARPs Working group is worth mentioning:  Out of an action carried by ICAO NSP to assess the need to update ITU documentation following the new GNSS interference thresholds introduced in the SARPs for DFMC GNSS operations, NSP came to the conclusion that, NSP is not recommending to update ITU documentation considering the GNSS interference thresholds introduced in the ICAO SARPs Annex 10 Amendment 93. The benefit that it could bring for one particular criterion is not balancing the risk to lose protection margin against non-aeronautical interference for more criteria, in particular considering operations above 2000 ft. 

Appendix: Report of the January 2023 meeting of the ICAO NSP SPECTRUM WORKING GROUP, SWG (NSP7-flimsy33, rev.2)
REPORT

OF THE 16th MEETING OF THE 


ICAO NSP SPECTRUM WORKING GROUP (SWG)

9th to 12th January 2023, hybrid meeting

I. Introduction

The Spectrum Working Group (SWG) was meeting in the frame of the hybrid meeting of the ICAO NSP/7. The following sessions with participation of the SWG took place:

· 9th of January 2023: Standalone session of SWG (Covered by this report)

· 10th of January 2023: Joint session of GWG and SWG (Covered by this report)

· 11th of January 2023: Joint session of GSWG and SWG (Covered by Flimsy 39)
· 12th of June 2022: Joint session of CNTWG and SWG (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 papers were discussed in the standalone session of SWG on 9th of January 2023:


	Flimsy 04
	Comments on NSP/7 - WP4 (proposed amendments to Annex 10, Volume V: Frequency utilization for ILS, VOR, DME and GBAS/VDB)
	(Pierre Ladoux)

	WP04*
	Proposed amendments to Annex 10, Volume V: 

Frequency utilization for ILS, VOR, DME and GBAS/VDB
	VWG rapporteur

	
	*Revision 2 of WP04 takes recommendations by the joint session of GWG/SWG into account. This lead also to a revision to the accompanying IP2
	

	WP03
	Proposed amendments to Annex 10, Volume I: 

Miscellaneous items
	VWG rapporteur

	
	*Revision 1 of WP03 takes recommendations by the joint session of GWG/SWG into account. This lead also to a revision to the accompanying IP1.
	

	

	The following papers were discussed in the joint session of GWG and SWG on 10th of January 2023:


	WP26
	Observations on GBAS DOC specification in Doc 9718, Vol. II
	SWG rapporteur

	The result of the discussion of WP26 in the meeting is contained in Flimsy 09.

	Flimsy 09
	Text on GBAS coverage to be used for frequency assignment planning which was developed by joint GWG/SWG
	SWG rapporteur

	The preliminary result of the further discussion of Flimsy 09 by a dedicated Adhoc group is available as Flimsy 30, rev.1

	Flimsy 30, rev.1
	Text on GBAS coverage to be used for frequency assignment

 - Output of Adhoc group
	(Matt Harris)

	WP10
	Field strength of GBAS within the Designated Operational coverage
	NSP secretary

(Robert Witzen)

	*Revision 1 of WP10 considers some feedback from the joint session of GWG and SWG.

	Flimsy 04*
	Comments on NSP/7 - WP4 (proposed amendments to Annex 10, Volume V: Frequency utilization for ILS, VOR, DME and GBAS/VDB)
	(Pierre Ladoux)

	*The result of the discussion of Flimsy 4 in the joint session of GWG and SWG is contained in Revision 1 of Flimsy 4.

	

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

	

	The following papers were discussed in the joint session of the SWG with the CNTWG on 12th of January 2023:


	WP27, rev.1
	Draft Revised LDACS (L-band Digital Aeronautical Communications System) versus DME/TACAN Compatibility Testing Plan
	SWG rapporteur


	WP28
	Response to various SWG Action Items

-Appendix A: Feasibility of Cell Planning for the L-Band Digital

Aeronautical Communications System under the

Constraint of Secondary Spectrum Usage

-Appendix B: Feasibility of the Frequency Planning for LDACS

Air-to-Air Communications in the L-band
	Rapporteur of CP/DCIWG/

PT-T, Michael Schnell

	

	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 the joint meeting SWG and GSWG on 11th of January 2023:
The results of this discussion are contained in Flimsy 39 titled ‘Joint SWG-GSWG on RFI’.

	
	
	

	WP08
	Review of Job Cards

NSP 006.05 GNSS Radio Interference
	NSP secretary



	*The result of the discussion of WP08 in the joint session of GWG and SWG is contained in Flimsy 15

	Flimsy 15*
	Results of discussing the job card NSP.006.05 ‘GNSS Radio Frequency Interference”
	SWG rapporteur

	Flimsy 15 was discussed in the plenary session on 19th of January 2023. The outcome of that discussion is available as revision 1 of Flimsy 15.

	WP21*
	GNSS L1/E1-L5/E5a ITU Documentation to be considered for Revision
	Eric Châtre

(Christophe Macabiau)

	*The result of the discussion of WP21 in the joint session of GWG and SWG is contained in Revision 1 of WP21.

	

	WP16
	GNSS L1/E1-L5/E5a DME PPRF Statistics
	Eric Châtre and Gerhard Berz

(Christophe Macabiau)

	Flimsy 8
	Comments to WP16 regarding DME pulse pairs per second (ppps)
	Maaike Jans

(Jules Hermens)

	IP26
	GNSS Risk Assessment and other EUROCONTROL GNSS RFI Mitigation Activities

- Attachment: GNSS Threat catalogue (Excel file)
	Gerhard Berz

(Hamdi Nasser)

	IP09
	Results of RFI Mitigation Techniques in the context of AIRING

(AIRING = Aviation Resilience to GNSS Frequency Jamming and Cyber Threat)
	Eric Châtre

(Jose/Maria Lorenzo)

	IP11
	Security assessment for Aviation and preliminary risk assessment in the context of AIRING
	Eric Châtre

(Jose/Maria Lorenzo)

	

	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: No papers have been presented under this agenda item.

	
	<Review of Action Items >
	


II. Results of the Discussions

Agenda Item 6a): Signal and compatibility issues in the in the band 108 to 117.975 MHz
The following papers were discussed in the Standalone session of SWG on 9th of January 2023:
Flimsy 04, Comments on NSP/7 - WP4 (proposed amendments to Annex 10, Volume V: Frequency utilization for ILS, VOR, DME and GBAS/VDB)

6a1) This paper contains comments on various paragraphs and notes in chapter 4.2 ‘Utilization in the band 108 – 117.975 MHz” of the ‘Proposed amendments to Annex 10, Volume V” in WP04:

· Recommendation to use the term ‘GBAS” in lieu of ‘GNSS GBAS” in paragraph 4.2.1 of Annex 10, Vol. V.

· Observation that the note ‘ILS/GBAS geographical separation criteria and geographical separation criteria for GBAS and VHF communication services operating in the 118 – 137 MHz band are under development. Until these criteria are defined and included in the SARPs, it is intended that frequencies in the band 112.050 – 117.900 MHz will be used for GBAS assignments” is proposed to be deleted from Annex 10, Volume V, while an identical note is still contained in Annex 10 Vol I, section 3.7.3.5.4.1.

· Recommendation that the following notes should be harmonized:

· Note 1.— Guidance material relating to the distance separation required to prevent harmful interference between ILS, and VOR and GBAS/VDB when using the band 108 – 111.975 MHz is found in the Handbook on Radio Frequency Spectrum Requirements for Civil Aviation (Doc. 9718).

· Note 2.— Guidance material relating to the distance separation required to prevent harmful interference between VOR and GBAS when using the band 112.050 – 117.900 MHz is found in the Handbook on Radio Frequency Spectrum Requirements for Civil Aviation (Doc. 9718)

6a2) The SWG decided to discuss Flimsy 04 additionally in the joint session with the GBAS Working Group. (See also SWG meeting report material below on discussion of Flimsy 4 in the joint GWG/SWG session.)

6a3) Ensuing the discussion of this matter, the ICAO secretary prepared Revision 2 of WP04 which takes recommendations by the joint session of GWG/SWG into account. This lead also to a revision to the accompanying IP2 which provides validation material for WP04. He also prepared a revised version of WP03 in order to account for recommendations by the joint session of GWG/SWG. This lead also to a revision to the accompanying IP1 which provides validation material for WP03.

WP04,
Proposed amendments to Annex 10, Volume V: Frequency utilization for ILS, VOR, DME and GBAS/VDB

6a4) This working paper contains proposal for introduction of material on the following topics in Annex 10, Volume V related to the provisions on the use of frequencies for ILS, VOR, DME and GBAS/VDB.

6a5) The SWG reviewed the Note ‘ILS/GBAS geographical separation criteria and geographical separation criteria for GBAS and VHF communication services operating in the 118 - 137 MHz band are under development. Until these criteria are defined and included in the SARPs, it is intended that frequencies in the band 112.050 - 117.900 MHz will be used for GBAS assignments’ in Annex 10 Vol I, section 3.7.3.5.4.1, contained in WP03.

6a6) The SWG decided to discuss this topic additionally in the joint session with the GBAS Working Group. (See also SWG meeting report material below on discussion of Flimsy 4 in the joint GWG/SWG session.)

WP03,
Proposed amendments to Annex 10, Volume I: Miscellaneous items

6a7) In the context of discussing Flimsy04 and WP04, the SWG reviewed the also the note ‘ILS/GBAS geographical separation criteria and geographical separation criteria for GBAS and VHF communication services operating in the 118 - 137 MHz band are under development. Until these criteria are defined and included in the SARPs, it is intended that frequencies in the band 112.050 - 117.900 MHz will be used for GBAS assignments’ in Annex 10 Vol I, section 3.7.3.5.4.1, contained in WP03. The SWG decided to discuss this topic additionally in the joint session with the GBAS Working Group.

Note: The following papers were discussed in the Joint session of GWG and SWG on 10th of January 2023:

WP26,
Observations on GBAS DOC specification in Doc 9718, Vol. II

6a8) This paper presents shortcomings of the specification of the Designated Operational Coverage (DOC) of the GBAS VDB service in ICAO Doc 9718, Volume II, which were observed by members of the European ICAO Frequency Management Group (FMG) at their September 2022 meeting. The meeting agreed recommending the following changes to Figure 6-2 ‘Minimum required DOC for a GBAS’ of Doc 9718, Vol. II:

· Change 23 NM to 20 NM to make DOC consistent with Figure D-5 ‘Minimum GBAS service volume” in Annex 10, Vol. I

· Change ‘?” to GPA (i.e., Glide Path Angle)

· In the legend of the figure: 

i. Replace ‘Theta” by GPA

ii. Change ‘GRP” to GPIP (Glide Path Intersection Point)
6a9) A first draft of proposed changes to paragraphs 6.2.1.2 and 6.2.1.3 of ICAO Doc 9718, Volume II produced in the meeting is provided as Flimsy 09. The aforementioned changes to Figure D-5 have been implemented after the meeting and made available as part of updated was made available in Flimsy 30, rev.1.
Action SWG16/01: Robert Witzen to provide updated Figure 6-2 ‘Minimum required DOC for a GBAS’ of Doc 9718, Vol. II.
Flimsy 09, Text on GBAS coverage to be used for frequency assignment planning which was developed by joint GWG/SWG

6a10) This paper contains the result of discussions in the Joint GWG/SWG on suitable improvements to paragraphs 6.2.1.2 and 6.2.1.3 of Doc 9718, Vol. II. An Adhoc group lead by Matt Harris (Boeing) was established to further evolve this paper. The final goal is to have a mature text to be used in the frame of preparing the envisaged Corrigendum to ICAO Doc 9718, Volume II.

Action SWG16/02: Matt Harris to lead an Adhoc group preparing an update to paragraphs 6.2.1.2 and 6.2.1.3 of Doc 9718, Vol. II on the GBAS coverage to be used for frequency assignment planning based on NSP/7-Flimsies 9 and 30. Deadline end of January 2023. 
Flimsy 30, rev.1, Text on GBAS coverage to be used for frequency assignment planning
 - Output of Adhoc group

6a11) The preliminary result of the further discussion of Flimsy 09 by a dedicated Adhoc group is available as Flimsy 30, rev.1. This Adhoc group will continue to work by correspondence after the NSP/7 with the goal to have a mature proposal for inclusion into the envisaged corrigendum of Doc 9718, Vol. II by end of January 2023.

WP10, 
Field strength of GBAS within the Designated Operational coverage

6a12) This paper presents material on the margin with which the predicted field strength as calculated with the ITU-R Recommendation P.528 exceeds the minimum required field strength for GBAS/VDB facilities.

6a13) The paper concludes that throughout most of the designated operational coverage of a GBAS facility the predicted field strength for a GBAS/VDB facility (e.i.r.p = 17 dBW), as per ITU-R Recommendation P.528.5 is significantly larger than the minimum field strength required. Therefore, the paper proposes to take this into account when assessing compatibility of a GBAS/VDB frequency assignment with other facilities operating on adjacent frequencies.

6a14) Furthermore, it is pointed out in the paper that using the predicted field strength, rather than the minimum required field strength will facilitate the frequency assignment planning for GBAS/VDB, in particular with respect to adjacent channel compatibility calculations.

6a15) In the discussion several members of the meeting welcomed the proposed approach to take for frequency assignment planning ‘estimated actual fieldstrength’ values rather than only the ‘minimum desired field strength’ into account.

6a16) Nevertheless, the meeting also emphasised that further work would be necessary to validate (e.g., by flight inspection) the derived margins between ‘estimated actual fieldstrength’ and the ‘minimum desired field strength’ before it could be agreed by ICAO NSP use the proposed approach for frequency assignment planning. Members of the meeting were invited to provide feedback on WP10 and contribute to the further development of this approach. The author of WP10 offered to develop a proposal for updated frequency assignment planning criteria using the ‘estimated actual fieldstrength’ for GBAS VDB for inclusion into ICAO Doc 9718.

Action SWG16/03: Members of SWG and GWG to provide feedback on NSP7/WP10, ‘Field strength of GBAS within the Designated Operational coverage’ to Robert Witzen (E-Mail: robertwitzen@videotron.ca)
Action SWG16/04: Members of SWG and GWG to contribute to the further development and validation of frequency assignment planning criteria for GBAS VDB using ‘estimated actual fieldstrength’ values rather than only ‘minimum desired field strength’ values.

Action SWG16/05: Robert Witzen to develop a proposal for updated frequency assignment planning criteria using the ‘estimated actual fieldstrength’ for GBAS VDB for inclusion into ICAO Doc 9718.

Flimsy 04, Comments on NSP/7 - WP4 (proposed amendments to Annex 10, Volume V: Frequency utilization for ILS, VOR, DME and GBAS/VDB)

6a17) Flimsy 4 was additionally discussed with in the joint session of GWG and SWG. The following changes were agreed:

· To use the term ‘GBAS’ in lieu of ‘GNSS GBAS’ in paragraph 4.2.1 of Annex 10, Volume V.

· To remove the note ‘ILS/GBAS geographical separation criteria and geographical separation criteria for GBAS and VHF communication services operating in the 118 – 137 MHz band are under development. Until these criteria are defined and included in the SARPs, it is intended that frequencies in the band 112.050 – 117.900 MHz will be used for GBAS assignments” from Annex 10, VOL. I, Section 3 of Attachment C to Annex 10, Volume I. A consequential revision of WP3 is necessary.

· To recommend removing the indication of the frequency band from Note 1 ‘Guidance material relating to the distance separation required to prevent harmful interference between ILS, and VOR and GBAS/VDB when using the band 108 – 111.975 MHz is found in the Handbook on Radio Frequency Spectrum Requirements for Civil Aviation (Doc. 9718). 

· To recommend deleting Note 2.— Guidance material relating to the distance separation required to prevent harmful interference between VOR and GBAS when using the band 112.050 – 117.900 MHz is found in the Handbook on Radio Frequency Spectrum Requirements for Civil Aviation (Doc. 9718)

6a18) The result of the discussion of Flimsy 4 is provided as Revision 1 of Flimsy 4.

Agenda Item 6b): Signal and compatibility issues in the band 960 to 1215 MHz
Note: The following papers were discussed in the Joint session of the SWG with the CNTWG on 12th of January 2023:
WP27
Draft Revised LDACS (L-band Digital Aeronautical Communications System) versus DME/TACAN Compatibility Testing Plan

6b1) This paper provides the latest version of the ‘draft revised LDACS/DME compatibility plan’. The ‘Document History’ chapter at the top of the paper provides the progress on SWG Action Items related to LDACS compatibility since the JWGs/9 meeting in June 2022.

6b2) The following table provides the status of action items related to the compatibility of LDACS compatibility with DME/TACAN after the discussion in the 2023 Joint session of the SWG with the CNTWG on 12th of January 2023:

	Action Item
	Action
	Actionee
	Status

	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
	Accomplished with NSP/7-WP28

	SWG15/01
	To provide an analysis of the potential impact of LDACS Airborne Station emissions on GNSS above 1164 MHz
	Michael Schnell
	Accomplished with NSP/7-WP28

	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)
	
	Closed by a statement in NSP/7-WP28 that LDACS will not use MSB.

Nevertheless, a demonstration that use of MSB is not necessary was requested by the joint SWG/CNTWG.

	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
	Closed; EPE for Italy was provided and was attached to an appendix of the ‘Draft compatibility testing plan’.

EPE for France is confidential.

	SWG15/05
	To provide typical values and references for minimum isolation between L-band-systems onboard aircraft.
	Michael Schnell
	Accomplished with NSP/7-WP28


6b3) The new action item SWG16/06 (below) was agreed replacing SWG15/02. Nevertheless, the joint SWG/CNTWG meeting deemed that it needs to be proven that a use of MSB by LDACS is not necessary. Members of the meeting pointed out, that it is unlikely that more than 2 % duty cycle could be allowed since otherwise the availability of ACA/TCAS and responses by the SSR transponder would be overly degraded.

Action SWG16/06: Michael Schnell to provide a proposal for the LDACS compatibility testing plan, how to demonstrate that the use of MSB is not necessary.

6b4) The ‘Draft revised LDACS versus DME/TACAN Compatibility Testing Plan’ in this paper was jointly discussed with the responses to a number of SWG Action Items contained in NSP/7-WG28. The following responses regarding some open action items related to LDACS compatibility were provided by Michael Schnell (PT-T rapporteur) at NSP/7 as WP28:

	· Response to AI 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.
· Response to AI SWG15/01: To provide an analysis of the potential impact of LDACS Airborne Station emissions on GNSS above 1164 MHz.
The highest LDACS onboard Tx frequency is 1010 MHz. This is at least 154 MHz away from any GNSS receiver (using the band above 1164 MHz).

LDACS onboard Tx power is 41 dBm (-16 dBm/Hz) and the LDACS transmit mask ensures at least 90 dB attenuation at 4 MHz offset (and above) from the centre frequency. The attenuation at an additional 150 MHz away is even much higher. In addition, the duplexer adds an additional attenuation of at least 60 dB and considering antenna decoupling gives at least another 20 dB.

As a consequence, the LDACS power spectral density above 1164 MHz is lower than:

-16dBm/Hz – 90dB – 60dB – 20 dB = -186 dBm/Hz

The value for the resulting LDACS power spectral density above 1164 MHz is a very conservative value and can be expected to be even much lower in practice. But even this value is well below the noise floor. In addition, it has not been considered that LDACS reverse link is a non-continuous transmission with duty cycle below 10%. That LDACS characteristic further decreases any interference impact.

Note: The noise power spectral density at a temperature of 290 K is -174 dBm/Hz. Considering cable losses (around 3 dB) and the noise figure of the GNSS receiver (1 dB), the overall noise power spectral density at the receiver is -170 dBm/Hz.

· Response to AI SWG15/02: 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).
It is not foreseen to use the mutual suppression bus for LDACS.

· Response to AI 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).
The antenna decoupling between LDACS, and any other onboard system is expected to be at least 20 to 30 dB. Free space path loss calculations already give more than 20 dB at an antenna distance of 1 meter.


6b5) The meeting recognised the statement of the PT-T rapporteur that here is no plan for LDACS to use the onboard Mutual Suppression Bus (MSB) to avoid undue interference to DME/TACAN and 1030/1090 MHz systems.

6b6) Nevertheless, in the discussion members of the meeting pointed out, that due to low isolation between onboard antennas of LDACS and other L-band systems e.g., of smaller airframes using the MSB may still be the only means to achieve compatibility.
6b7) Moreover, it was emphasized that if it turned out that the MSB was needed, it was unlikely that an MSB load greater than 2 % of the time could be tolerated in order to avoid undue impact on 1030/1090 MHz systems like (Secondary Surveillance Radar transponder and ACAS/TCAS).
6b8) For these reasons the compatibility testing plan needs to foresee tests that serve to analyse whether LDACS to use the onboard Mutual Suppression Bus (MSB) to avoid undue interference to other L-band systems onboard an aircraft.

6b9) Furthermore, a discussion about the military use of the sub band 962 to 978 MHz took place. It was pointed out that some states channels in use have 'all county assignments' Air-To-Air use of TACAN, which will be respect in frequency assignment planning of DME/TACAN and LDACS. However, some countries may not have frequency assignments due to security reasons. TACAN transponders on ships use channels without a published frequency assignment.

6b10) It was further mentioned to the meeting that recently a compatibility study LDACS with JTIDS/MIDS has been concluded. It was orally reported that there was no impact of LDACS on JTIDS/MIDS observe. However, a small impact of JTIDS/MIDS on LDACS was established. LDACS told to the meeting that it was easy to mitigate the impact to LDACS by JTIDS/MIDS. Such mitigation methods were well known, however not yet described in the LDACS draft SARPS nor in the draft LDACs manual. The meeting asked the result to be presented to ICAO NSP. 

Action SWG16/07: Gerhard Berz to present to ICAO NSP results of a compatibility study LDACS with JTIDS/MIDS.
WP28
Response to various SWG Action Items

6b11) This working paper responds to various SWG Action Items which have been tasked to the Rapporteur of CP/DCIWG/PT-T in various teleconferences of the SWG in the context of developing the ‘revised LDACS versus DME/TACAN compatibility testing plan’.
6b12) Since WP28 was jointly discussed with WP27, the discussion of the responses to action items related to LDACS compatibility is covered in the SWG meeting report on WP27 above.

6b13) In addition to the responses to SWG action item, appendices of WP28 contain two scientific articles by the German Aerospace research Centre (DLR) which were discussed in the meeting as follows:

WP28-Appendix A: Feasibility of Cell Planning for the L-Band Digital Aeronautical Communications System under the Constraint of Secondary Spectrum Usage

6b14) This paper demonstrates the feasibility of LDACS cell planning for Europe under the condition that the channels of existing DME/TACAN facilities in Europe contained in the ICAO COM3 frequency list remain unchanged. The algorithm described in the paper had also been used to find suitable frequencies for LDACS flight trials in southern Germany. For this purpose, the German radio regulator had issued trail-licenses.

6b15) In the discussion the question was raised, what Desired-to-Undesired ratios had been used for the study? It was explained that the result from the so-called ‘LDACS1 conformance and compatibility assessment” dated 2014 was used as a basis for the cell-planning. That meeting concluded although the described algorithm was regarded very sophisticated, for frequency assignment planning of operationally used LDACS Ground Stations frequency assignment planning criteria agreed by ICAO need to be used.

WP28-Appendix B: Feasibility of the Frequency Planning for LDACS Air-to-Air Communications in the L-band
6b16) This paper presents the method and the results of feasibility assessment of a LDACS Air-To-Air (A2A) frequency planning in the north-east coast of North America, the North Atlantic Corridor, and western Europe. 

6b17) The obtained results indicate that LDACS A2A could operate in the 960-1164 MHz frequency range without affecting the proper operation of the legacy systems. Whilst the available spectrum is maximized in oceanic airspace and reduced in continental airspace, LDACS A2A can employ numerous frequency channels in most locations. The lower part of the L-band presents the most promising results, as LDACS A2A can operate there in any considered location. In fact, the lowest frequencies can be used anywhere in the considered region, which might allow LDACS A2A to have a globally available frequency

6b18) In the discussion members of the meeting pointed out that the military use of frequencies in the sub-band 962 to 978 MHz (air-to-air TACAN and TACAN transponders on ships) and the regional use of UAT on the channel 978 MHz (including potential guard-band channels) need to be taken into account for future frequency assignment planning for of the LDACS reverse-link and Air-To-Air use of LDACS.
6b19) The open points to be tackled in the context of LDACS versus DME/TACAN compatibility analysis discussed in the meeting can be summarised as follows:

	· Mutual Suppression Bus:

To date there is no plan for LDACS to use the onboard Mutual Suppression Bus to avoid undue interference to DME/TACAN and 1030/1090 MHz systems like (Secondary Surveillance Radar transponder and ACAS/TCAS). 

Nevertheless, it is unclear, whether due to low isolation between onboard antennas of LDACS and other L-band systems e.g., of smaller airframes it may still be the only means to achieve compatibility. 

Therefore, there is still a need to further analyse the following parameters:

· Isolation between L-band antennas onboard aircraft for different types of airframes

· The MSB-load by 1030/1090 MHz systems and DME.

· The remaining tolerable MSB load for LDACS onboard transmissions.

· DME/TACAN background:

The current testing plan foresees compatibility tests between LDACS and DME with additional DME background. However, this background is based on a DME/TACAN background which was used during the US JTIDS EMC test program in 1984. It is desirable that a new DME/TACANS backgrounds e.g., for Europe are developed. This could be done applying the method which was used for the derivation of the ‘Italian Extraneous Pulse Environment’, EPE in the context of establishing Common Frequency Clearance Criteria (CFCC) from JTIDS/MIDS (Appendix of the testing plan).

· UAT use:

The testing plan contains compatibility tests between LDACS and DME with additional UAT background. It remains to be seen what channels in addition to the UAT channel (978 MHz) may be unusable by LDACS

However, it is unclear, whether some regions e.g., Europe will be using UAT in the future. It may turn out that Europe may introduce UAT for conspicuity of drones.

· Military use of the sub-band 962 to 978 MHz:

· Air-To-Air use of TACAN: some states channels in use have ‘all county assignments’, which will be respect in frequency assignment planning of DME/TACAN and LDACS. However, some countries may not have frequency assignments due to security reasons

· TACAN transponders on ships: Ships may use channels without a published frequency assignment

· Compatibility with Mode N:

If ICAO decides to introduce Mode N, the compatibility of LDACS including sharing criteria with Mode N need to be analysed.

· Compatibility with 1030/1090 MHz systems:

The analysis of compatibility between LDACS and 1030/1090 MHz systems (Secondary Surveillance radar, Multilateration systems, ACAS/TCAS) needs to be conducted in the frame of a cooperation between ICAO Communications panel and ICAO Surveillance Panel.



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, and the GSWG on 11th January 2023. The results of that discussion are contained in Flimsy 39 titled ‘Joint SWG-GSWG on RFI’.

WP08,
Review of Job Cards- NSP 006.05 GNSS Radio Interference
Note: The result of the discussion of WP08 in the joint session of GWG and SWG is contained in Flimsy 15
Flimsy 15, Results of discussing the job card NSP.006.05 ‘GNSS Radio Frequency Interference”


Flimsy 15 was discussed in the plenary session on 19th of January 2023. The outcome of that discussion is available as revision 1 of Flimsy 15.
WP21,
GNSS L1/E1-L5/E5a ITU Documentation to be considered for Revision

Note: The result of the discussion of WP21 in the joint session of GWG and SWG is contained in Revision 1 of WP21. After the session, Flimsy 17 was provided for coordination with ICAO FSMP

Flimsy 17, FSMP coordination following WP21 discussion GNSS L1/E1-L5/E5a ITU Documentation to be considered for Revision

WP16,
GNSS L1/E1-L5/E5a DME PPRF Statistics

Flimsy 8, Comments to WP16 regarding DME pulse pairs per second (ppps)

Note: After the meeting revision 1 of Flimsy 8 was provided, which takes feedback by the meeting into account.

IP26,
GNSS Risk Assessment and other EUROCONTROL GNSS RFI Mitigation Activities

- Attachment: GNSS Threat catalogue
IP09, Results of RFI Mitigation Techniques in the context of AIRING

IP11, Security assessment for Aviation and preliminary risk assessment in the context of AIRING

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
<Review of Action items>

The SWG Action Items from earlier meetings were reviewed in the standalone session of the SWG. Their status was updated. Appendix A of this SWG meeting report.

6f1) III
Administrative matters

The current rapporteur of the SWG, Felix Butsch announced that due to his early retirement he will not be longer available.  In the NSP plenary session on 19th January 2023, it was discussed, how to continue the work of the SWG. Two options were considered:

a) To continue the work of the SWG with a new rapporteur.

b) To carry out spectrum tasks in other suitable NSP working groups.

The NSP plenary decided to search for a new SWG rapporteur until the May 2023 meeting of NSP. If a new rapporteur could be found, the SWG would continue its work. If not, the tasks of the SWG would be distributed to other NSP working groups.

Current members of the SWG are invited to attend next ICAO NSP meeting, taking place from 23rd  May – 2nd  June 2023 in Montreal, Canada. In case no, new SWG rapporteur can found until then, spectrum issues will be discussed in other NSP working Groups (CNTWG, GWG, GSWG). 
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
	Open

	

	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
	Ongoing



	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
	Partly fulfilled by: NSP/7-WP 23

NSP/7-Flimsy 6

NSP/7-Flimsy 12

NSP/7-IP15
For status, see GWG meeting report, NSP/7- Flimsy 28!



	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
	Accomplished with NSP/7-WP28

	

	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 to 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
	Ongoing

	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 of LDACS Airborne Station emissions on GNSS above 1164 MHz
	Michael Schnell
	Accomplished with NSP/7-WP28

	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)
	
	Closed by a statement in NSP/7-WP28 that LDACS will not use MSB.

Nevertheless, a demonstration that use of MSB is not necessary was regarded necessary by the joint SWG/CNTWG at NSP/7.

	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
	Closed; EPE for Italy was provided and was attached to an appendix of the ‘Draft compatibility testing plan’.

EPE for France is confidential.

	SWG15/05
	To provide typical values and references for minimum isolation between L-band-systems onboard aircraft.
	Michael Schnell
	Accomplished with NSP/7-WP28

	SWG15/06
	To arrange further teleconferences for the further development of a revised ‘LDACS/DME compatibility testing plan”.
	Felix Butsch
	Overtaken by events.

	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
	Closed,

no feedback received.

	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
	Closed

No feedback received.

	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
	Accomplished

	

	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
	Closed

	

	Actions from SWG meeting in January 2023 (SWG16):


	SWG16/01
	To provide updated Figure 6-2 ‘Minimum required DOC for a GBAS’ of Doc 9718, Vol. II.
	Robert Witzen
	Open

	SWG16/02
	To lead an Adhoc group preparing an update to paragraphs 6.2.1.2 and 6.2.1.3 of Doc 9718, Vol. II on the GBAS coverage to be used for frequency assignment planning based on NSP/7-Flimsy 9.
	Matt Harris
	Open.

Deadline end of January 2023.

	SWG16/03
	To provide feedback on NSP7/WP10, ‘Field strength of GBAS within the Designated Operational coverage’ to Robert Witzen (E-Mail: robertwitzen@videotron.ca)
	Members of SWG and GWG
	Open

	SWG16/04
	To contribute to the further development and validation of frequency assignment planning criteria for GBAS VDB using ‘estimated actual fieldstrength’ values rather than only ‘minimum desired field strength’ values.
	Members of SWG and GWG
	Open

	SWG16/05
	To develop a proposal for updated frequency assignment planning criteria using the ‘estimated actual fieldstrength’ for GBAS VDB for inclusion into ICAO Doc 9718.
	Robert Witzen
	Open

	SWG16/06
	To provide a proposal for the LDACS compatibility testing plan, how to demonstrate that the use of MSB is not necessary.
	Michael Schnell
	Open

	SWG16/07
	To present to ICAO NSP results of a compatibility study LDACS with JTIDS/MIDS.
	Gerhard Berz
	Open
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