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	SUMMARY

	Attached to this paper is the report of the fifth meeting of the ICAO NSP Spectrum Working Group (SWG) was held at ICAO Head​quarters, Montreal from 10th to 13th October 2017. 
The following issues addressed in that report are of particular relevance for the ICAO FSMP WG:
1. Proposed move of frequency assignment planning criteria for NAV systems from ICAO Annex 10 to ICAO Doc 9718. 
2. Potential interference to monitors of ILS, VOR or GBAS. 
3. Guidance on the detection, classification, localization and resolution of GNSS RFI" for inclusion in the ICAO RF Handbook, Doc 9718, Volume I. 
4. Frequency compatibility of LDACS with other systems in the band 960 to 1215 MHz. 
Recommended actions by the meeting are contained in section 3 of this paper.




1. INTRODUCTION

1.1 Attached to this paper is the report of the fifth meeting of the ICAO NSP Spectrum Working Group (SWG) was held at ICAO Headquarters, Montreal from 10th to 13th October 2017. The following issues covered by that report are of particular relevance for the ICAO FSMP WG and should be further discussed:
· Proposed move of frequency assignment planning criteria for NAV systems from ICAO Annex 10 to ICAO Doc 9718 (covered in section 2.1 of this paper).
· Potential interference to monitors of ILS, VOR or GBAS (covered in section 2.2 of this paper).
· Guidance on the detection, classification, localization and resolution of GNSS RFI" for inclusion in the ICAO RF Handbook, Doc 9718, Volume I (covered in section 2.3 of this paper). 
· Frequency compatibility of LDACS with other systems in the band 960 to 1215 MHz (covered in section 2.4 of this paper).

Recommended actions by the meeting are contained in section 3 of this paper.
2. DISCUSSION

2.1 Proposed move of frequency assignment planning criteria for NAV systems from ICAO Annex 10 to ICAO Doc 9718
2.1.1 WP02 of the recent ICAO NSP SWG meeting presented a proposal from the ICAO Secretariat for the NSP to start an activity on the frequency assignment planning for VHF/UHF navigation systems (ILS, VOR, VDB/GBAS and DME) and the compilation of a set of frequency assignment planning criteria that can be used in all Regions. This activity would be primarily be undertaken under responsibility of the Navigation System Panel by the Spectrum Working Group. The SWG coordinates with the FSMP as necessary.

2.1.2 It was explained that for most Regions, the frequency assignment planning for navigation systems operating in the frequency bands between 108 and 1215 MHz require improve​ment of frequency assignment planning process in order to improve the efficiency. Such improvement would be provide for globally harmonized planning when they are implemented in the ICAO program Frequency Finder by introducing the NAV module in this program. The process for the navigation planning criteria is proposed to follow the same method as was developed for VHF air/ground communication systems. All relevant frequency assignment planning material that is currently contained in the attachments to Annex 10, Volume I should be moved and placed in Doc 9718, Volume II. As necessary, ICAO Regions can augment the basic set of planning criteria to meet specific Regional requirements.

2.1.3 The following radio navigation systems are to be addressed in this activity:

· ILS (An.10, Vol.1, Att. C para. 2.7 - Deployment of ILS frequencies)

· VOR (An. 10, Vol.1, Att. C para. 3.7 - Geographical separation of VOR type facilities)

· DME (An. 10, Vol.1, Att. C Chapter 7 - DME )

· VDB/GBAS (An. 10, Vol.1, Att. D Chapter 7 - GBAS/GRAS)

2.1.4 In the discussion the SWG agreed with this proposal, requested however some revisions to be made to WP02, in particular on the new Job Card for this activity proposed in WP02. The changes to WP02 requested by the SWG were then made and provided as revision 1 of WP02.  WP02, rev.1 served afterwards as an input to a discussion of this material by a joint meeting of SWG with GWG. The GWG showed particular interest on this working paper, because the frequency assignment planning criteria for GBAS VDB are currently under discussion. Changes are expected within the next two years. Therefore, some members of the meeting expressed concerns that the frequency assignment planning criteria for GBAS VDB, while under review would at the same time moved to another ICAO document. In order to avoid problems by such a challenging approach, the joint meeting of SWG with GWG agreed to state in the Job Card that GBAS VDB will be only taken into account, once the update of the frequency assignment planning material for GBAS has been finished. The move of frequency assignment planning for VHF/UHF navigation systems would to Doc 9718 would start with the material for ILS, VOR and DME with a target date of the first quarter 2019.

2.1.5 Members of the meeting asked for clarification, why it was not proposed that frequency assignment planning criteria for other navigations were also moved. It was explained that ICAO Region have only a particular need to optimise their frequency assignment planning processes for ILS, VOR, DME and GBAS/VDB. The joint meeting asked also for editorial changes to the paper, which were implemented during the discussion. Afterwards, the joint SWG/GWG meeting agreed on the final version, including the attached proposed Job Card. The agreed version was made available as revision 2 of WP02 for presentation to the plenary meeting of ICAO NSP/4. NSP/4 reviewed the proposed new Job Card, entitled “NSP.012.01: Movement of frequency assignment planning criteria for VHF/UHF NAV systems to Doc 9718 Volume II”, and accepted it with some amendments (appendix to ICAO NSP4 report on agenda item 1 of NSP/4 and Figure 1).  The final approval of the Job Card by the Air Navigation Commission is expected in April 2018.
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Source Secretariat  

Problem Statement The frequency assignment planning process currently used in most of the ICAO Regions requires to be improved and a  NAV module is needed for the ICAO Frequency Finder  software.  

Specific Details  Current frequency assignment planning criteria in the attachments to Annex 10, Volume I are to be moved to ICAO Handbook on R adio Frequency Spectrum Requirements for  Civil  Aviation, Volume II, Frequency assignment planning criteria for aeronautical radio communication and navigation systems (Doc  9718). These planning criteria are also to be  incorporated in the Frequency Finder.   The following radio navigation systems are to b e addressed in this activity:   • ILS (Annex 10, Vol.1, Att. C paragraph 2.7  –   Deployment of ILS frequencies)   • VOR (Annex 10, Vol.1, Att. C paragraph 3.7  –   Geographical separation of VOR type facilities)   • DME  (Annex 10, Vol.1, Att.  C Chapter 7  –   DME )   • V DB/GBAS  (Annex   10, Vol.1, Att. D Chapter 7  –   GBAS/GRAS)  

Expected Benefits Improved efficient and globally harmonized frequency assignment planning process.  

Reference  Documents Annex 10, Volume I;  ICAO Handbook on Radio Frequency Spectrum Requirements  for Civil Aviation (Doc 9178)  

Primary Expert Group: Navigation Systems Panel (NSP)  

 WPE No. Document  Affected or    Actions Needed  Description of Amendment   proposal   or Action  Supporting  Expert    Group  Status  Expected dates:  

Delivery  Effective  Applicability    

 New Annex 10  -   Vol I  Removal  of frequency assignment planning material for ILS,  VOR and DME from the Attachments to Annex 10, Volume I to  Doc 9178, Volume II  FSMP  Not approved  Q1 2019  -  Nov 2022  

 New Annex 10  -   Vol I  Removal  of  frequency assignment planning material for GBAS  from the Attachments to Annex 10, Volume I to Doc 9178,  Volume II  FSMP  Not approved  Q1 2020  -  Nov 2022  

Status: Priority:  Initial Issue Date:  Date Approved by ANC:  Session / Meeting:  

- High  30 October 2017  -  -  

 


Figure 1: New Job Card NSP.012.01 “Movement of frequency assignment planning criteria for VHF/UHF NAV systems to Doc 9718 Volume II”
2.2 Potential interference to monitors of ILS, VOR or GBAS

2.2.1 During the review of open actions, the SWG encountered the following neglected open action from the May 2012 meeting of the ICAO NSP Spectrum Sub-Group: “Action: SSG19/1: To insert a note into Vol. II of the ICAO RF Handbook, Doc 9718 to make States aware on the potential of interference into GBAS VDB monitor systems. SWG rapporteur (originally Robert Witzen) to propose text to ICAO FSMP”.  
2.2.2 The following text on this topic from the report of the May 2012 meeting of the ICAO NSP Spectrum Sub-Group: “Members of the group also pointed out that it is desirable to also analyse the impact of GBAS VDB on ILS and VOR monitors. It was further mentioned that one GBAS manufacturer is also using an external monitor in its design. Therefore, the potential interference of ILS and/or VOR signals on the GBAS VDB monitor should also be analysed”. That means that it may be useful to address the more general issue of potential interference to monitors of navigation systems like ILS, VOR and GBAS by undesired signals from navigation systems operating in the same band. 
2.2.3 The only results from practical test of monitor systems presented to ICAO NSP are contained in WP5 to the ICAO NSP in May 2011 with the title “Interference into ILS-Localizer and VOR monitor systems”. That paper concludes “that very small separation distances are required between a VDL Mode 4 transmitter and an ILS or VOR monitor antenna in order to cause the monitor to either trigger an alarm or to switch (or shut down) the ILS or VOR system.  No specific measures are necessary in frequency assignment planning of VDL Mode 4 in the band 112 – 117.975 MHz. However, it is recommended that the attention of States be drawn to the potential of interference into ILS or VOR monitor systems and, when assigning radio frequencies within or nearby the band 108 – 117.975 secure that no harmful interference is caused to ILS or VOR monitor systems.”
2.2.4 The following text is could serve the purpose to warn States about this kind of interference:

Monitors of navigation systems like ILS, VOR or GBAS in the band 108 – 117.975 MHz may be interfered by undesired signals of ILS/VOR/GBAS/VDL Mode 4 or VHF COM. This could be mitigated by careful siting of the systems on and in the vicinity of airports and/or use of additional filters in the potentially affected monitors.
2.3 Guidance on the detection, classification, localization and resolution of GNSS RFI” for inclusion in the ICAO RF Handbook, Doc 9718, Volume I

2.3.1 The ICAO NSP SWG reviewed at its recent meeting the Job Card NSP006 (“GNSS Radio Frequency Interference”). In this context it was noted that the second task of the Job Card to “Develop guidance on the detection, classification, localization and resolution (including mitigation) of GNSS RFI” for inclusion in the ICAO RF Handbook, Doc 9718, Volume I) could be completed by referencing in Doc 9718 material already available as a chapter of the recently updated GNSS Manual as well as proposed update to Doc 8071, Vol. II.
2.3.2 In this context the  SWG established the following action: “Action SWG05/08: Felix Butsch to request the chair of ICAO FSMP to insert references to the GNSS RFI material in ICAO Doc 9849 and Doc 8071 into Doc 9718, Chapter 9 to provide on guidance on the detection, reporting and resolution of GNSS RFI”.

2.3.3 The following text is proposed to be inserted into ICAO Doc 9718, Vol. I Chapter 9:
Guidance on the detection, classification, localization and resolution (including mitigation) of GNSS RFI is contained in Chapter 5 “GNSS vulnerability” of ICAO Doc 9849 “GNSS Manual” as well as in Volume 2, Chapter 2 (title tbd) of ICAO Doc 8071 “Manual on Testing of Radio Navigation Aids”. 
Note: Vol. 2 of ICAO Doc 8071 is currently under review. Its title as well as its content are still under discussion. Details on this can be found in the report of IVCAO NSP/4 on agenda item 5.
2.4 Frequency compatibility of LDACS with other systems in the band 960 to 1215 MHz

2.4.1 In the ICAO NSP SWG by means of ICAO NSP/4 IP27, an introduction was made to LDACS summarising the work performed under the SESAR 15.2.4 project activities to define a testing plan to evaluate the spectrum compatibility and potential interference between LDACS and other legacy systems already operating in the L-band. In addition, the paper summarises the proposed compatibility criteria to be considered in particular for the investigations of the impact of LDACS to DME and TACAN. LDACS will use frequency bands internationally allocated to the aeronautical mobile (route) service. The following frequency bands are foreseen to be assigned to LDACS:

· Reverse Link (A to G): 964-1010 MHz;  Forward Link (G to A): 1110-1156 MHz 

2.4.2 The meeting noted that for LDACS, the imposed power limitations by ITU-R Resolution 417, requires shifting the LDACS forward link below 1125 MHz. Therefore, the following frequency bands proposed for an initial deployment at this point in time are:

· Reverse Link (A to G): 964-979 MHz; Forward Link (G to A): 1110-1125 MHz
2.4.3 In the presentation, it was emphasized, that it would be very desirable, that power limitations imposed by the ITU Resolution 417 to Aeronautical Mobile (R) Services in the band below 1164 MHz to be relaxed by ITU. For LDACS the existing  ITU-R resolution 417 will result in prohibiting LDACS transmissions above 1125 MHz. Members of PT-T were of the opinion that in the long term GNSS receivers using the band 1164 to 1215 MHz (GPS L5, Galileo E5 etc.) could be made more selective and in turn more resistant against Out-of-Band emission from systems operating below 1164 MHz. SWG members pointed out that this may be hard to achieve, since narrower filters may also limit the ranging accuracy of GNSS receivers. 

2.4.4 SWG members recommended that in order to start an initiative to relax ITU-R Resolution 417 the best way forward would be to present the case to the GNSS SARPs Working Group (GSWG) of ICAO NSP. If GSWG had no objections to such an initiative from the viewpoint of the aeronautical users of GNSS, the next step would then be to present the case to the Working Group of ICAO Frequency and Spectrum Management Panel (FSMP). FSMP could then liaise to ITU WP5B (group in charge of aeronautical mobile service related matters), which could then liaise to ITU WP4C (group in charge of Satellite Service related Matters). It would then be the task of ITU WP4C to amend Report ITU-R report M.2235 on “Aeronautical mobile (route) service sharing studies in the frequency band 960-1164 MHz” and consequently change ITU R Resolution 417.
2.4.5 During the discussion of NSP/4 IP27, which was also dedicated to LDACS, some questions of the LDACS group on various details of the applicable compatibility criteria for DME against interference against undesired LDACS signals came up. 

· What is the maximum permissible change in DME beacon reply delay in the presence of LDACS interference?

· What proportion of the 0.1 NM system range error contribution by the interrogator should be set as the limit in the presence of LDACS interference?

· What maximum reduction in beacon reply efficiency, compared to the no‑interference condition, should be set as the limit in the presence of LDACS interference?

These questions have in common, that they ask for a general guidance on how much degradation of the DME performance (the ARNS in the band) need to be tolerated by the impact of LDACS (the AM(RS) in the band? SWG members wondered whether ITU-R Resolution 417 or other ITU documents could be referenced to answer this question?
2.4.6 The questions of ICAO NSP SWG to ICAO FSMP WG in the context of the discussion of the LDACS compatibility issue can be summarised as follows:

· What is the prospect for an initiative to relax LDACS emission limit below the RNSS band edge at 1164 MHz.

· What is the process for such an initiative from the viewpoint of ICAO FSMP?

· What is the background of the emission limit masks for air and ground transmitter EIRP in ITU-R Resolution 417?

· What guidance give ITU-R Resolution 417 or other ITU documents on the question how much degradation of the DME performance (the ARNS in the band) need to be tolerated by the impact of LDACS (the AM(RS) in the band?

3. ACTIONS BY THE MEETING

The meeting is invited to:

a) note and review the contents of this working paper;

b) on the proposed move of frequency assignment planning criteria for NAV systems from ICAO Annex 10 to ICAO Doc 9718
· note the decisions by ICAO NSP and the new Job Card NSP.012.01: Movement of frequency assignment planning criteria for VHF/UHF NAV systems to Doc 9718 Vol. II
· discuss the impact on the further developement of ICAO Doc 9817 and the way forward for the cooperation with ICAO NSP on this issue.

c) on the potential interference to monitors of navigation systems in the band 108 to 117.975 MHz
· discuss and agree the proposed text on the potential threat of interference by undesired signals from ILS/VOR/GBAS/VDL Mode 4 or VHF COM signals could be caused to monitors of ILS/VOR/GBAS
· decided on where the proposed text on the potential threat of interference to monitors of ILS/VOR/GBAS could be accomodated in ICAO Doc 9718. 

d) on the Guidance on the detection, classification, localization and resolution of GNSS RFI: 
· discuss and agree on the proposed text on “Guidance on the detection, classification, localization and resolution (including mitigation) of GNSS RFI” for insertion into ICAO Doc 9718, Vol. I Chapter 9. 
e) on the frequency compatibility of LDACS with other systems in the band 960 to 1215 MHz  provide guidance on the following questions:

· What is the prospect for an initiative to relax LDACS emission limit below the RNSS band edge at 1164 MHz.

· What is the process for such an initiative from the viewpoint of ICAO FSMP?

· What is the background of the emission limit masks for air and ground transmitter EIRP in ITU-R Resolution 417?

· What guidance give ITU-R Resolution 417 or other ITU documents on the question how much degradation of the DME performance (the ARNS in the band) need to be tolerated by the impact of LDACS (the AM(RS) in the band?

Attachment:  
REPORT OF THE 5th MEETING OF THE ICAO NSP SPECTRUM WORKING GROUP, 10th to 13th October 2017, ICAO Headquarters, Montreal, Canada
I. Introduction

The fifth meeting of the ICAO NSP Spectrum Working Group (SWG) was held at ICAO Head​quarters, Montreal from 10th to 13th October 2017. Mr. Felix Butsch, the rapporteur of the SWG, chaired the meeting. During the meeting of SWG, two joint sessions with the GBAS Working Group (GWG) and one joint session with the ICAO CP IWG PT-T (working group dedicated to LDACS) took place.
Attachment A of this report contains a list of action items and actionees. Attachment B provides a list of participants. People participating via teleconference are also contained in the list of participants. Participants of GWG and PT-T to the aforementioned joint meeting can be found in the recent meeting reports of these groups. The following table contains an overview of agenda items with corresponding working and infor​mation papers, which were discussed by the SWG:

	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

	

	WP29
	50 kHz Spacing for ILS and VOR.
	Jules Hermens

(Jules Hermens)

	Note: The working and information papers below, which are covered by this agenda item, were discussed by a joint meeting of GWG and SWG.

	WP28
	Work plan for ILS/VOR interference on GBAS VDB
	Tim Murphy

(Matt Harris)

	WP15
	Proposed SARPs Changes for GBAS VDB compatibility with ILS
	Tim Murphy

(Rick Cassell)

	Flimsy 5, rev.1
	Proposed SARPs Changes for GBAS VDB compatibility with ILS (Revised version of the material in WP15).
	Tim Murphy

(Rick Cassell)

	WP17
	ILS LOC D/U measurements made at Strasbourg airport
	Benoit Roturier

(Pierre Ladoux)

	WP16
	New results of GBAS VDB frequency planning exercise
	Benoit Roturier

(Pierre Ladoux)

	WP06
	Improved Success Criteria for VDB Field Strength Measurements
	Stefan Naerlich

(Winfried Dunkel)

	IP11
	ILS LOC MEASUREMENTS FOR SIMULTANEOUS TRANSMISSION OF ILS LOCALIZERS AT BOTH ENDS OF RUNWAYS AND GBAS VDB
	T. Jo

(Susumu Saito)

	IP30
	Further information on results of listening tests of the audio quality of VHF COM signals interfered by GBAS VDB signals
	Stefan Naerlich

(Felix Butsch)

	IP12
	ANOMALOUS PROPAGATION OF VHF NAV SIGNALS BY SPORADIC E LAYER
	T. Jo

(Susumu Saito)

	

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

	

	WP05
	EVALUATION OF POTENTIAL THREAT TO AVIATION SYSTEMS FROM CONSUMER VIDEO TRANSMITTERS OPERATING IN 1.2 GHz BAND
	Vladimir Korchagin

(Mikhail Markelov)

	

	Note: The working and information papers below, covered by this agenda item, were discussed by a joint meeting of SWG and ICAO CP IWG PT-T (LDACS group)

	
	
	

	IP27
	LDACS presentation to NSP/4
	ICAO NSP Secretary

(Nikos Fistas)

	Flimsy 4
	Clarification questions to the CNTWG from joint meeting of SWG and CP IWG PT-T on compatibility Criteria for DME/TACAN
	Jules Hermens

	WP35
	LDACS Overview, compatibility criteria and test plan V12
	ICAO NSP Secretary

(Nikos Fistas)

	WP32
	Status update of CEPT work on Audio PMSE sharing the 960 – 1164 MHz frequency band

Att.: Draft report on “Preliminary investigations on regulatory and legal issues on the feasibility of introducing low power audio PMSE in the band 960-1164 MHz”.
	ICAO NSP Secretary
(Felix Butsch)


	

	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

	

	IP26
	SAMPLES OF REPORTS ON GNSS INTERFERENCE AS SUBMITTED by airline Pilots

Att. A: GNSS RFI reports during approach to Manila

Att. B: GNSS RFI reports en route within Ankara FIR
	Noppadol Pringvanich

	Flimsy 02
	IATA Briefing on GNSS interference
	Noppadol Pringvanich

	Note: The working and information papers below, which are covered by this agenda item, were discussed by a joint meeting of GWG and SWG.

	WP34
	GPS Interference Mask relative to GBAS Ground stations
	(Mike Spanner)

	IP13
	PERSONAL PRIVACY DEVICES EFFECTS ON AVIATION
	(Pierre Ladoux)

	

	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


	WP03
	REVIEW AND UPDATE OF NSP JOB CARDS
	NSP Secretary



	Note: The working below was first discussed by the SWG alone which resulted in revision 1. It was afterwards revised by a joint meeting of GWG and SWG resulting in revision 2.

	WP02, rev.2


	Frequency assignment planning criteria for NAV systems in ICAO Doc 9718
	NSP Secretary

(Robert Witzen)


II. Results of the Discussions
Agenda Item 6a): Signal and compatibility issues in the in the band 108 to 117.975 MHz

WP29, 50 kHz Spacing for ILS and VOR

6a1) WP29, in response to Action SWG03/01, explores the necessity to revise the geographical separation rules between ILS Localizers and VOR in ICAO Annex 10, Vol. I, Att. C, section 3.5. The paper reminded that recently, a major revision of Annex 10 was carried out especially with respect to all conventional navigation aids, resulting in the Amendment 84. One of the subjects of this amendment was removing obsolete material out of the Annex 10. This particular item with respect to the planning criteria for 100 kHz ILS and VOR channels was not recognised as obsolete material and it remained in the Annex 10.

6a2) In the paper, it was mentioned that there are regions, where ILS- and VOR-receivers designed for 100 kHz channel spacing are still being used. SWG members mentioned that such regions often still use the 100 kHz channel spacing, due to an absence of frequency congestion. The SWG agreed that for this purpose, the existing ICAO planning criteria are still correct and should be retained to protect these receivers.

6a3) However, for ICAO Regions with frequency congestions a 100 kHz channel spacing may be deemed inefficient. This may be for example the case in ICAO EUR region, which has a growing shortage of spectrum for ILS localiser and VOR. The SWG agreed with the recommendation of WP29 that these regions could move to a 50 kHz only environment. This could be implemented in the Regional SUPP’s like the EUR SUPP’s (DOC 7030).

Note: The following other working and information papers covered by this agenda item were discussed by a joint meeting of GWG and SWG. Actions assigned to the GWG have a GWG action number.
WP28, Work plan for ILS/VOR interference on GBAS VDB

6a4) WP28 summarizes progress on the work plan to help coordinate work between RTCA SC-159 WG4 and ICAO NSP SWG on VHF compatibility for ILS, VOR, and GBAS VDB. In the paper, it is explained, that the RTCA MOPS (DO-253D) and the ICAO Annex 10 SARPs (including the SARPs modifications adopted by the ICAO NSP in December 2016 that are anticipated to be incorporated in Amendment 91) contain a D/U requirement of -46 dB at the receiver input for ILS (only in MOPS) and VOR undesired signals against the VDB desired signal at the third VDB adjacent channel and beyond. 
6a5) However, at earlier meetings of ICAO NSP, it was demonstrated by measurements at existing airports with ILS Localizers operating prior to the approach end of a GLS approach have Signal-in-Space D/U that can be much worse than -46 dB. Another problem to be solved is that Undesired ILS localizer power levels have also been measured at +10 dBm for the case of a GLS approach overflying the localizer below 200 feet above the runway threshold. NSP/3 Flimsy 9, rev. 1 "ICAO NSP recommendations on necessary interference suppression improvement of the GBAS VDB receiver" recommends that RTCA changes the D/U requirements and provides some information on what may be required to be compatible with current airport installations. 
The following work plan identifies all the issues that need to be resolved to respond to the NSP request and the process being used to resolve them:

1) Determine the operational use cases for which D/U and Max U must be known.

2) Collect realistic ILS LOC and VOR power levels, both on-channel and adjacent-channel, from inspection and test data.

3) Use ILS LOC and VOR power data to calibrate a generic model for worst-case undesired power levels versus receive location for GLS approaches and landings.

4) Simulate GLS approaches with minimum realistic GBAS power.

5) Determine Minimum D/U and Max U for a range of ILS or VOR locations at SIS and at receiver input based on representative antenna patterns for each operational use case.

6) Determine realistic and achievable VDB receiver, ILS transmitter, and VOR transmitter performance using test data and equipment manufacturer surveys. If D/U or Max U is not within realistic and achievable transmitter or receiver performance limits for a scenario that is required to be supported, then determine the minimum additional VDB Signal power and minimum additional airborne implementation loss that are needed to meet achievable D/U and Max U receiver performance
7) If D/U or Max U is not within realistic and achievable transmitter or receiver performance limits for a scenario that is required to be supported, then determine the minimum additional VDB Signal power and minimum additional airborne implementation loss that are needed to meet achievable D/U and Max U receiver performance

8) Propose draft RTCA MOPS and ICAO SARPs requirements and/or guidance material

6a6) An ad-hoc group below RTCA SC-159 WG4 has in the meantime almost accomplished to perform all the steps of this work plan. The paper presents a summary of the simulation results for the various operational use cases and scenarios for the locations of the transmitters of the desired and undesired signals. These results indicate that to support opposite-end ILS localizer operation during GBAS approaches VDB siting must be carefully chosen in order to provide higher than minimum signal strength. Furthermore, VDB receivers must be able to accommodate higher undesired signal power levels and lower D/U levels than they are currently required

6a7) According to this paper airborne VDB receiver manufacturer feedback has so far indicated that a message failure rate of 1 in 1000 messages can be achieved and demonstrated for 1 MHz and farther adjacent channels with a D/U of -60 dB and maximum undesired power level below ‑1 dBm at the input of the receiver. During the discussion of the paper, it was explained that RTCA SC-159 WG4 needs to agree on this value, before consequential changes to ICAO Annex 10 requirements can be proposed.

6a8) It was further pointed out in the paper, that a message failure rate of 1 in 1000 messages cannot be supported for the high Undesired signal power and worst-case D/U scenarios. However, it may be reasonable to allow a higher message failure rate, such as 1 in 10 messages for these conditions. A higher message failure rate may still be operationally acceptable to support Category I approach scenarios since the time-to-alert for Category I is 6 seconds, and since the GAST C precision approach service allocates seven consecutive missed frames of VDB Type 1 messages before loss of approach guidance. In the discussion of the paper, members of the meeting recommended to the GWG, that this possibility should be further analysed and consequential proposals to address this in Annex 10 should be developed.

Action GWG 218: GWG members to analyse the possibility of allowing a VDB Message Failure Rate of 1 in 10 messages for GBAS VDB in order to support Category I approach scenarios and develop consequential proposals covering this in Annex 10.
6a9) The paper contains also ideas regarding how to convert SIS D/U to Receiver D/U taking into account a possible limitation of airborne antenna gain variation below the existing value of 15 dB in the receiver MOPS for various operational scenarios. Guidance material on, how to do this must still be developed. In the discussion of the paper, various NSP members were of the opinion that taking credit of a limitation of the Transmission Line Loss Variation for various frequency-offsets between Desired and Undesired signals does not seem to be practicable.

6a10) The paper contains also a first draft SARPs requirements related to improved VDB receiver performance in order to seek feedback from ICAO NSP. In the discussion, the group agreed on concept of the proposed changes and provided comments on various details for further consideration. 
WP15, Proposed SARPs Changes for GBAS VDB compatibility with ILS

6a11) This paper presents proposed changes to Chapter 3, Attachment C and Attachment D of ICAO Annex 10, Vol. I to describe the mitigations needed to ensure compatibility between ILS and the GBAS VDB, by defining the conditions when the ILS localizer should not radiate. Essentially, it proposes to stipulate that “At those locations where there is an ILS facility that serves the opposite end of a runway with a GBAS approach, when the approach direction in use is the opposite end of the ILS, an interlock shall ensure that the localizer shall not radiate, except where the GBAS approach in operational use is providing Approach Service Type A, B or C and no operationally harmful interference results.” 

6a12) In the discussion of WP15, the group agreed with the general approach of the proposal, however requested to avoid the term “interlock”. In lieu of this term the wording, “shall not radiate at the same time” should be used. The rationale is to avoid the misconception that an “interlock between a GBAS and an ILS can be implemented in the same way as between two ILS stations. It was also pointed out, that by relaxing the required GBAS Message Failure Rate for GAST C operations there may not be the need for the aforementioned recommendation. However, it was decided that, until there is a final conclusion on the possibility of relaxing the Message Failure Rate the proposed “interlock”-related change proposal, after re-wording it, shall be maintained. The goal of WP15 will be further pursued by means of a revised version of the SARPs change proposal on this topic, taking into account the feedback of the joint meeting of GWG and SWG. This revised version was provided as Flimsy 5 after this meeting. 

Note: Flimsy 5 was further discussed in the CNTWG. The outcome of that discussion is contained in the report of the CNTWG, Flimsy 34. 

WP17, ILS LOC D/U measurements made at Strasbourg airport

6a13) This working paper presents results of ILS LOC Desired-To-Undesired power measurements performed at Strasbourg (France) airport during an approach on RWY05 with the two opposite localizers radiating simultaneously. The presented flight inspection results show that unacceptable interference is experienced during an ILS CAT-I approach on runway 05 when overflying the opposite localizer 23 if it is not switched-off. A Desired-To-Undesired ratio down to -50 dB has been observed. However, it was explained that during normal ILS operations on runway 05 at Strasbourg airport, the ILS 23 is switched off in accordance with Annex 10, Volume I, ILS SARPs section 3.1.2.7.

6a14) The paper requested ICAO NSP to consider applying an operational restriction to switch off the ILS serving the opposite runway in use during GBAS operations if harmful interference may be present (in a similar way that ILS SARPs section 3.1.2.7). In the discussion, the group agreed on this approach. Further information, how to implement this is contained in the SWG meeting report text addressing WP15.

6a15) Furthermore, the paper recommends establishing in Annex 10 a distinction between criteria to be used in international frequency coordination and guidance how to achieve compatibility between emitters at a given airport. The SWG rapporteur explained that NSP had agreed already on this concept at its previous meeting.
WP16, New results of GBAS VDB frequency planning exercise

6a16) This working paper presents new results of GBAS VDB frequency planning exercise in Europe with an especially for this purpose upgraded version of the EUROCONTROL Frequency Management software tool AFM for a test-purpose. This upgrade implements the introduction of Minimum Distance (MD). It represents an exclusion area around the undesired transmitter, where aircraft will not use the GBAS service. This MD depends on the 3D exclusion area profile of desired service, i.e. the volume around an undesired transmitter, where an aircraft using GBAS service cannot be located and the vertical pattern of undesired transmitter antenna. Taking this information into account AFM provides a calculation of a virtual distance to the undesired antenna for the different test points defining the exclusion area.

6a17) In contrast to the earlier AFM versions, the upgraded test-version can realistically model intra-airport compatibility, i.e. scenarios, where an ILS or VOR transmitter causing Undesired signals is within the coverage area of a GBAS VDB. In the discussion, it was asked by a member of the group, whether applying a Free-Space Propagation Model and Far-Field antenna patterns can really be used so model scenarios, when an aircraft is close to an Undesired ILS or VOR transmitters. Another member of the group explained that by comparison of the results of the Free-Space Propagation Model with more a sophisticated EM-model as well as flight inspection results he demonstrated already that the applying Free-Space Propagation Model overestimated the undesired signal power. This leads to a conservative estimation of the Desired-to-Undesired (D/U) signal power at a given point in space.

Note: Paragraph 6a18 was deleted on request by the GWG during the review of the SWG draft report by the GWG.
6a19) The GBAS frequency planning exercise for European airports, based on the Eurocontrol database of European Navaids has been repeated with the new upgrade AFM software, which lead to the following results:

· Case 1: GBAS D/U criteria from RTCA DO-253C i.e. -46 dB D/U from 3rd adjacent channel and beyond, GBAS Desired, ILS LLZ or VOR as Undesired => The Assignment Success rate was 90 %. For airports, where it is not possible to find a frequency, only few dB are missing to ensure incompatibility.

· Case 2: GBAS D/U criteria derived from RTCA DO-253C (-46 dB D/U from 3rd adj. channel to 1 MHz frequency offset and -65 dB beyond) – GBAS Desired, ILS LLZ or VOR as Undesired => The Assignment Success rate was 100 %.
· Case 3: GBAS D/U criteria derived from RTCA DO-253C (-46 dB D/U from 3rd adj. channel to 1 MHz frequency offset and -65 dB beyond) + consideration of Antenna Gain Variation Margin (AGV) of 15 dB – GBAS Desired, ILS LLZ or VOR as Undesired => The Assign​ment Success rate was also 100 %.

6a20) Members of the group were pleased with the new results of the planning exercise. However, it was pointed out, that only Case 3 took the on-board Antenna Gain Variation Margin in to account. The value of -65 dB GBAS D/U criteria beyond 1 MHz applied in Case 3 was considered overly optimistic. It was recommended to carry out the planning exercise using a value of -60 dB GBAS D/U criteria beyond 1 MHz and taking into account an AGV margin of 15 dB. Furthermore, it was pointed out that if the obtained success rate is below 100 % it should checked whether there are major airports for which the frequency assignment planning lead to no successful assignment of a GBAS VDB frequency.

Action SWG05/01: Pierre Ladoux to perform an VDB frequency planning exercise for Europe on the basis of -60 dB GBAS D/U criteria beyond 1 MHz and taking into account an AGV margin of 15 dB.

WP06, Improved Success Criteria for VDB Field Strength Measurements

6a21) This WP responds to a suggestion by the last meeting of GWG and SWG in June 2017 to analyse the characteristics of VDB field strength measured in 12 ft above the various runways of Frankfurt (Germany) airport. It presents further evaluations of existing measurement results. In this activity, it was observed that the measured signal fades and outliers are caused by destructive or constructive interference due to reflections on the ground and by reflections on obstacles. The signal structure and the short outliers did not cause any message losses. However, the potential impact of short signal strength outliers outside the limits on VDB message failure rate could not be analysed in more detail. 

6a22) The results presented in this paper show, that filtering over longer periods of up to 7.5 s is effective to eliminate short outliers without affecting the measured mean VDB field strength. The application of such a filter is easy (simple averaging of samples was used for this paper), the success criteria is expected to become less dependent on vehicle speeds, and applicability of the criteria would improve. In addition, the operationally usable range of a single VDB broadcast antenna would increase by several kilometres. It was further emphasised that VDB field strength limits are not specified as function of distance. Therefore, the definition of 95 % criteria seems not to be straightforward. 

6a23) The group deemed the presented detailed evaluation of GBAS VDB fieldstrength measurements very useful for the further development of improved the definitions of VDB ground and flight testing success criteria foreseen for the next version of ICAO Doc 8071, Vol. II, Chapter 4. However even after an intensive discussion about various options for the definition of average filter characteristics and success criteria, no consensus could be achieved. The group agreed that additional work is necessary in order to achieve the agreed goal of providing a specification to be included into ICAO DOC 8071, Vol. II , how to evaluate fieldstrength measurement results. It was further pointed out that it was necessary to base the evaluation method on a derivation of the impact of VDB fieldstrength fluctuation on the Message Failure Rate.

GWG Action 216: GWG members to contribute to the development of a specification to be included into ICAO Doc 8071, Vol. II, how to evaluate fieldstrength measurement results.

GWG Action 217: Matt Harris, to provide a derivation of the impact of VDB fieldstrength fluctuations on the Message Failure Rate in the context of GWG developing a specification to be included into ICAO Doc 8071, Vol. II , how to evaluate fieldstrength measurement results.

IP11, ILS LOC MEASUREMENTS FOR SIMULTANEOUS TRANSMISSION OF ILS LOCALIZERS AT BOTH ENDS OF RUNWAYS AND GBAS VDB

6a24) IP11 informed the group that, in order to support establishing GBAS VDB desired-to-undesired (D/U) signal power criteria in adjacent channels, ILS localizer (LOC) signal strength measure​ments were conducted at three airports in Japan (Sendai, Komatsu and Oita) by JCAB’s flight inspection aircraft (Cessna Citation CJ4). The signal power measured by the receiver was compensated for the cable and splitter losses and the three-dimensional receiving antenna pattern. The power expressed in dBm units is then converted to the power flux density, PFD, expressed in dBW/m2. Due to the antenna characteristics of the ILS localizers that maximum PFD values were encounter at distances between 111 and 145 metres in front of the localizer antennas.

6a25) The paper summarises that, the maximum-recorded power flux density was ‑20.3 dBW/m2, which is close to the value of the value -19 dBW/m2 reported in NSP/3 WP16 for measurements at Frankfurt. In the discussion, it was confirmed by members of the group that these values are consistent with flight-testing results obtained at other airports. Therefore, the data presented IP11 support the validation of the model for the simulation of Undesired ILS Localizer signals applied conducted by RTCA WG4.
IP30, Further information on results of listening tests of the audio quality of VHF COM signals interfered by GBAS VDB signals

6a26) The group was informed by the presentation of IP30 that, in response to SWG action SWG04/03 and GWG action 178, this paper addresses again the issue of, what is the suitable protection threshold for VHF COM against interference by GBAS VDB signals as the basis to derive frequency separation distances between both systems. At the ICAO NSP meeting in October 2014, it was requested to carry out additional audio listening tests in order to establish the right interference threshold for the case “GBAS interference source, VHF COM interference victim”. 

6a27) The group noted that, due to the high effort (e.g. involving 20 trained ATC controllers as listeners), it was not possible to accomplish this task again. For this reason, based on existing test-results already presented as WP6 of the ICAO NSP meeting in October 2014, this paper provides a more detailed evaluation of the data with the goal to relax the tolerable SINAD degradation threshold of 1 dB to higher values. This would allow obtaining less stringent protection threshold values, hence smaller geographic separation distances. Since the evaluation of the data could not be fully completed before the meeting, this paper is provided for information, without a final proposal, how to relax the tolerable SINAD degradation threshold beyond 1 dB.
6a28) In the discussion of this IP, it was recommended by a member of the group that in case the SINAD method was not providing satisfactory results, he recommends to use “Perceptual Evaluation of Speech Quality” method (PESQ) as defined in ITU-T Recommendation 862. Furthermore, it was asked for the evaluation of a potential difference of the impact on VHF COM receivers depending whether they are used in 25 kHz or the 8.33 kHz channel mode. It was explained by the author of IP30 that this could be evaluated from the existing data. 
IP12, ANOMALOUS PROPAGATION OF VHF NAV SIGNALS BY SPORADIC E LAYER.

6a29) This paper presents results of measurements of anomalous propagation of VOR and ILS LOC signals by the sporadic E (Es) layer around Japan. The Es layer is a layer in the ionospheric E region with a high electron density and small vertical thickness at altitudes around 100 km. It is shown signal levels of anomalous propagation as undesired signal can be as high as a desired signal. Such anomalous propagation occur in distances between 600 and 2000 km from the transmitter. The paper reports about a case, where an undesired signal from an ILS at 110.3 MHz was measured along the extended runway centre line in a distance of 2000 km. It proved to be useful to search in the applicable frequency assignment table for Navaids for the observed frequency of the undesired signal to identify its source. Further analysis of operational impacts of the anomalous propagation is planned.
6a30) In the discussion of IP12, it was recommended to insert information on anomalous propagation of VOR and ILS LOC signals by the sporadic E (Es) layer into ICAO DOC 9718, VOL. II. Section 1.3.2.3 of this document where “anomalous propagation by ducting” is contained, as suitable place to insert such information.

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

WP05, EVALUATION OF POTENTIAL THREAT TO AVIATION SYSTEMS FROM CONSUMER VIDEO TRANSMITTERS OPERATING IN 1.2 GHz BAND
6b1) This WP presents results of evaluation of potential interference to aviation systems from consumer video transmitters operating in 1.2 GHz band. There are so-called Closed Circuit (CC) TV cameras and First Person View (FPV) video transmitters. FPV video transmitters are usually sold through the shops specializing in hobby Remote Control models, while CCTV wireless cameras are distributed by companies specializing in security systems. One can assume that interference from CCTV cameras is more serious compared to FTV transmitters, because such cameras can operate continuously for a long time. On the other hand, the FTV transmitters can operate high above ground and the radius of affected zone may be significant. 

6b2) A market surveys have been conducted and the relevant signal transmit characteristics have been established to use them for a RFI threat studies with systems in the aeronautical L-band. Furthermore, the spectrum of some devices has been measured. The results of the studies show, that FPV/CCTV transmitters pose the greatest threat to DME ground receivers, when they are operating on the same frequencies (1080 MHz and 1120 MHz) or frequency offset between DME and interfering signals is small. 

6b3) The SWG could not agree with the recommendation of WP5 to include information on FPV/CCTV transmitters as sources of potential interference to GNSS receivers into the ICAO GNSS Manual. It was explained that the GNSS RFI related part of the ICAO GNSS Manual has just recently been updated and will therefore remain unchanged for some time. The GNSS RFI Knowledge Database to be developed by the SWG was recommended by the SWG as a better place to accommodate such information. However, it was also pointed out that the form and the method of publication of this database has still to be clarified. The group agreed however, that ample material on GNSS RFI presented to ICAO NSP in the past years was available, that was suitable for the GNSS RFI Knowledge Database.

Action SWG05/02: Jules Hermens to bring NSP4/WP05 on the RFI-threat to DME ground beacons by consumer video transmitters operating in 1.2 GHz band to the attention of ICAO NSP CNTWG (Flimsy 34).
Note: The working and information papers below, covered by this agenda item, were discussed by a joint meeting of SWG and ICAO CP IWG PT-T (LDACS group).
IP27,
LDACS presentation to NSP/4


6b3) By means of IP27, an introduction was made to LDACS summarising the work performed under the SESAR1 project activities to define a testing plan to evaluate the spectrum compatibility and potential interference between LDACS and other legacy systems already operating in the L band. In addition, the paper summarises the proposed compatibility criteria to be considered in particular for the investigations of the impact of LDACS to DME and TACAN.

6b4) LDACS will use frequency bands internationally allocated to the aeronautical mobile (route) service. The following frequency bands are foreseen to be assigned to LDACS:

· Forward Link: 1110–1156 MHz,

· Reverse Link: 964–1010 MHz

The meeting noted that for LDACS, the imposed power limitations by ITU-R Resolution 417, requires shifting the LDACS forward link below 1125 MHz. Therefore, the following frequency bands proposed for an initial deployment at this point in time are:
· Forward Link: 1110–1125 MHz,
· Reverse Link: 964–979 MHz. 
6b5) Within this frequency range, channels with a bandwidth of approximately 500 kHz would be used to implement a cellular system. The individual channels could be flexibly chosen, depending on the intended location of the LDACS ground station and the use of DME/TACAN channels in the surrounding geographic area. To increase flexibility, LDACS channels could be either assigned on DME channel boundaries, or centred on DME channels. In the long term, and in the event that the DME infrastructure rationalisation has moved on, this scheme also provides the flexibility for the allocation of channels outside the aforementioned sub-bands.
6b6) In this context, a discussion took place about the impact of the current European strategy to avoid undesirable interference by DME/TACAN on the aeronautical GNSS use of the band 1164 to 1215 MHz. It was explained by members of SWG that simulations had shown that there are hot‑spots in Europe, where extensive use of this sub-band by DME/TACAN ground beacons has diminished the margin for the Signal-to-Noise density ratio of E5/L5 GNSS satellite signals considerably. For this reason the following frequency assignment planning strategy for new DME/TACAN signals had recently been agreed by the Eurocontrol Radio Frequency Team (RAFT): If a frequency for a new DME/TACAN was requested for a location within or near the European hot-spots (around Frankfurt, Paris and Brussels) the frequency assignment planning tool would try to assign a frequency outside the range 1164 to 1215 MHz. However, this in turn means that due to this rule additional DME/TACAN frequencies could be assigned in the envisaged sub-bands for LDACS.

6b7) Members of the SWG pointed out, that in order to provide advice on the suitability or the proposed frequency ranges for LDACS, additional information was necessary. In the discussion, it was agreed that for this purpose, the results of an initial frequency planning exercise for LDACS based on the content of the ICAO frequency list of European Aeronautical Radionavigation systems in the band 960 to 1215 MHz should serve this purpose.

6b8) In the presentation it was emphasized, that it would be very desirable, that power limitations imposed by the ITU Resolution 417 to Aeronautical Mobile (R) Services in the band below 1164 MHz to be relaxed by ITU. Members of PT-T were of the opinion that in the long term GNSS receivers using the band 1164 to 1215 MHz (GPS L5, Galileo E5 etc.) could be made more selective and in turn more resistant against Out-of-Band emission from systems operating below 1164 MHz. SWG members pointed out this may be hard to achieve since narrower filters may also limit the ranging accuracy of GNSS receivers. 

6b9) SWG members recommended that in order to start an initiative to relax ITU-R Resolution 417 the best way forward would be to present the case to the GNSS SARPs Working Group (GSWG) of ICAO NSP. If GSWG had no objections to such an initiative from the viewpoint of the aeronautical users of GNSS, the next step would then be to present the case to the Working Group of ICAO Frequency and Spectrum Management Panel (FSMP). FSMP could then liaise to ITU WP5B (group in charge of aeronautical mobile service related matters), which could then liaise to ITU WP4C (group in charge of Satellite Service related Matters). It would then be the task of ITU WP4C to amend Report ITU-R report M.2235 on “Aeronautical mobile (route) service sharing studies in the frequency band 960-1164 MHz” and consequently change ITU‑R Resolution 417.
Action SWG05/03: Michael Schnell 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 to the April 2018 meeting of SWG.
6b10) During the discussion of IP27, some questions of the LDACS group on various details of the applicable compatibility criteria for DME against interference against undesired LDACS signals remained open: 

1. Should DME interrogators certified as DME/P-capable be considered?

2. What is the maximum permissible change in DME beacon reply delay in the presence of LDACS interference?

3. What proportion of the 0.1 NM system range error contribution by the interrogator should be set as the limit in the presence of LDACS interference?

4. What maximum reduction in beacon reply efficiency, compared to the no-interference condition, should be set as the limit in the presence of LDACS interference?

5. Should it be ensured, that the LDACS signal does not affect the correct operation of the DME interrogator memory mode?
Members of the SWG recommended posing these questions to experts on DME in the meeting of the Conventional Navaids and testing Working Group (CNTWG). The detailed questions were collected and provided as Flimsy 4.

Flimsy 4, Clarification questions to the CNTWG from joint meeting of SWG and CP IWG PT-T on compatibility Criteria for DME/TACAN 
6b11) Flimsy 4 contains the aforementioned, detailed questions to CNTWG, which remained open in the discussion of LDACS presentation contained in IP27 to the joint meeting of SWG and CP IWG PT-T on compatibility Criteria for DME/TACAN. Flimsy 4 is deemed to serve as a means to solicit answers from DME experts in the CNTWG.
Action SWG 05/04: Jules Hermens to present NSP/4 Flimsy 4 to the October 2017 meeting of ICAO NSP CNTWG with the goal to obtain answers to questions on applicable compatibility criteria for DME against interference against undesired LDACS signals.
Note: The results of the discussion of Flimsy 4 in the ICAO NSP CNTWG are contained in the report of the CNT WG.
WP35, LDACS Overview, compatibility criteria and test plan

6b12) WP35 was provided in supplement to the presentation contained in IP27. This paper provides a detailed introduction into LDACS characteristics. Moreover, it summarises the work performed be under the SESAR1 project activities to define a testing plan to evaluate the spectrum compatibility and potential interference issues between LDACS and other legacy systems in the L‑band. In addition, the paper summarises the proposed compatibility criteria to be considered in particular for the investigations of the impact of LDACS to DME and TACAN.

6b13) WP35 contains the following annexes:

· Appendix 1a: Testing Plan –SESAR, P15.02.04 EWA04-2-T2-D1: “Initial Testing Plan for LDACS”

· Appendix 1b: Testing Plan – SESAR, P15.2.4 WA4.2.1 D21 – “Test Plans for Assessing LDACS1 Transmitter Impact upon DME/TACAN Receivers”

· Appendix 2: Compatibility criteria - SESAR, P15.02.04 EWA04-2-T1-D1: “Updated Compatibility Criteria of Existing L-band Systems”

· Appendix 3: Interference Scenarios –“EUROCONTROL, FCI Technology Investigations: L-band Compatibility Criteria and Interference Scenarios Study”, Deliverables S1-S7: L-band Interference Scenarios

6b14) Time did not permit to present and discuss WP35 in detail to the joint meeting of SWG and PT W. Therefore, it was agreed that it should be circulated among members of the Spectrum Working Group for review with the goal to provide feedback until end of November 2017.
Action SWG05/05: Felix Butsch to circulate NSP4/WP35 with the title “LDACS Overview, compatibility criteria and test plan” among SWG members in order to solicit feedback until end of November 2017. 
WP32, Status update of CEPT work on Audio PMSE sharing the 960 – 1164 MHz frequency band
6b15) WP32 provides an update on status of the work performed within CEPT Working Groups on Frequency Management (WGFM) and on Spectrum Engineering (WGSE) regarding the development of regulatory measures and frequency sharing studies in the context of the proposed introduction of Audio PMSE (wireless microphones) into the band 960 to 1164 MHz. 

6b16) CEPT WGFM has tasked its sub-group FM51 to develop a report with the title “Preliminary investigations on regulatory and legal issues on the feasibility of introducing low power audio PMSE in the band 960-1164 MHz”. It was explained that ICAO FSMP had provided change requests to the draft of this report, which were only partly taken into account. The current draft version is attached to WP32. The plan of WGFM is to finalize this report already in May 2018, long before the sharing studies will be completed. CEPT WGSE has tasked its sub-group SE7 with the tasked to carry out the sharing studies with a target day for completion of second half of 2019. Fortunately, in the recent meeting of WGFM it has been clarified, that only after completion of the sharing study an official ECC report combining the regulatory/legal and the technical reports. SE7 started in October 2017 its work on sharing studies. Participating aviation experts have provided input papers on characteristics of aeronautical systems in the band 960 to 1164 MHz, as well as proposed scenarios to be considered in the sharing studies.

6b17) WP32 invites aviation experts to provide inputs to the work of FM51 to order to ensure that aviation aspects are thoroughly considered in the FM51 report to WGFM. In the discussion, it was also emphasized that aviation input to the work of SE7 on sharing studies is also very important. Information on meeting dates and meeting documents by CEPT FM51 and SE7 can be found on the following web sites:

https://cept.org/ecc/groups/ecc/wg-fm/fm-51/client/meeting-documents/

https://cept.org/ecc/groups/ecc/wg-se/se-7/client/meeting-documents/

Agenda Item 6c): Signal and compatibility issues in the band 5000 to 5150 MHz
Note: No papers have been presented under this agenda item.

Agenda Item 6d): GNSS signal and interference issues

IP26, SAMPLES OF REPORTS ON GNSS INTERFERENCE AS SUBMITTED by airline Pilots

6d1) This information paper provides samples of reports on GNSS interference cases as submitted by airline pilots to IATA. Attachment A of IP26 shows a list of typical reports received following a case of GNSS interference during approach operations to Manila Airport. Attachment B of IP26 contains a list of reports received by IATA for interference during en route operations in Turkey. 

6d2) It was further explained that both cases occurred in 2016 and are no longer ongoing. IP9 of ICAO FSMP-WG/5, Paris, September 2017 contains a detailed report about the GNSS RFI case in Manila. A malfunctioning Digital TV broadcasting station turned out to be the ultimate source of the interference. For the case in Turkey GNSS RFI in the context of a military operation is the presumed cause of the interference.

6d3) Members of the SWG found the various types of warning messages (e.g. issued by the Engine Indication and Crew Alerting system, EICAS) very interesting and useful. Typical warning messages are: 

· GPS primary loss, 

· Loss of RNP, 

· Loss of GNSS approach and landing capability, 

· Loss of ADSB reporting capability, 

· Ground Proximity Warning, 

· In some cases, loss of GNSS reception without recovery during the rest of the flight.

Flimsy 02, IATA Briefing on GNSS interference
6d4) This flimsy provides a sample of IATA Technical Information Briefing on the topic of “Harmful Interference to Global Navigation Satellite System (GNSS) and its impacts on flight and air traffic management operations, which is disseminated by IATA on a regular basis.” 

6d5) The SWG deemed the regular circulation of information contained in the IATA Technical Information Briefing on GNSS RFI very useful. They considered such a means very helpful to inform the aviation industry on GNSS RFI and recommended that ICAO NSP should publish the planned GNSS RFI knowledge database in a similar way.

WP34, GPS Interference Mask relative to GBAS Ground stations

6d6) WP34 reminded the Joint meeting of GWG and SWG that the SARPS requirement in Annex 10 for resistance against GPS interference could easily be identified as applicable to Aircraft GPS or SBAS receivers, however not to GBAS Ground Reference Receivers. The paper therefore proposes to include a specific reference to GBAS Ground Reference Receivers using the same Interference Mask requirements as already established for Aircraft Receivers in order to provide GBAS ground equipment relying on GPS the same level of protection of the GPS band of frequencies used for Civil Aviation as that afforded for the airborne environment.

6d7) The meeting discussed extensively the proposed approach. It did not see an overall benefit of the proposed approach for the protection of the GBAS reference stations against the RFI environments, which may be very different, depending on the location of the GBAS. The meeting could therefore not agree on the proposed inclusion of an RFI masks for GBAS reference stations into ICAO Annex 10. It therefore recommended closing the pertaining GWG action item 193. 

IP13, PERSONAL PRIVACY DEVICES EFFECTS ON AVIATION
6d8) This paper provided information on the recent experiences of the French Air Navigation Service Provider, DSNA on the effects of Personal Privacy Devices (PPDs) on aircraft operations. Around 40 GNSS jamming events reported a 3-year time scale. Thirty-six of them were detected during the commissioning flight of RNAV approaches or Navaids periodic flight checks, while four were reported by airlines. Thirty-two of them were identified as caused by PPD. Amongst the PPD cases, one did affect commercial aircraft. The source was a GPS L1 jammer installed in a car, parked close to the airport. Aircraft had to be move to other Gates in order to allow the on-board GPS receiver to work again. Several flights had to be delayed for this reason. It took several hours to investigate the interference source, to open the car and to seize the jammer.

6d9) In the discussion of IP13, it was asked how information on such GNSS RFI events should be made available to ICAO. It was explained by the SWG rapporteur that GNSS RFI reporting forms are contained in the GBAS Manual. However, he also pointed out that the reporting form to ICAO is only intended to be used for trans-border interference cases that require assistance from ICAO and possibly ITU. The presented case nevertheless was deemed useful to educate States about new GNSS RFI mechanisms. The GNSS RFI Knowledge Database to be developed by the SWG would be the right place for the information contained in IP13. In this context, the SWG rapporteur mentioned that IATA distributes regularly “Technical Information Briefings on Harmful Interference to Global Navigation Satellite System (GNSS)” to IATA member airlines. One such example is contained in Flimsy 2. Members of the meeting showed interest in obtaining these briefing documents. The IATA representative offered to present the briefings regularly to future meetings of ICAO NSP.

Action SWG05/06: Noppadol Pringvanich to provide to ICAO NSP “IATA Technical Information Briefings on Harmful Interference to Global Navigation Satellite System (GNSS)” regularly (standing action item).
Agenda Item 6e): Open actions for SWG from ICAO NSP Panel meetings

Note: No actions from panel meeting under this agenda item, however an action by the GWG meeting was discussed.

Agenda Item 6f): Spectrum – any other business
WP02, Frequency assignment planning criteria for NAV systems in ICAO Doc 9718

6f1) This paper presents a proposal from the Secretariat for the NSP to start an activity on the frequency assignment planning for VHF/UHF navigation systems (ILS, VOR, VDB/GBAS and DME) and the compilation of a set of frequency assignment planning criteria that can be used in all Regions. 

6f2) This activity is the remaining activity of moving relevant frequency assignment planning material from the Attachments to Annex 10, Volume 1 to ICAO Doc 9718 (ICAO Handbook on Radio Frequency Spectrum Requirements for Civil Aviation, Volume II, Frequency assignment planning criteria for aeronautical radio communication and navigation systems). This activity will primarily be undertaken under responsibility of the Navigation System Panel by the Spectrum Working Group. The SWG coordinates with the FSMP as necessary.

6f3)
Most Regions, the frequency assignment planning for navigation systems operating in the frequency bands between 108 and 1215 MHz require improvement of frequency assignment planning process in order to improve the efficiency. Such improvement would be provide for globally harmonized planning when they are implemented in the ICAO program Frequency Finder by introducing the NAV module in this program.

6f4)
The process for the navigation planning criteria is proposed to follow the same method as was developed for VHF air/ground communication systems:

· All relevant frequency assignment planning material that is currently contained in the attachments to Annex 10, Volume I should be moved and placed in Doc 9718, Volume II. 

· As necessary, ICAO Regions can augment the basic set of planning criteria to meet specific Regional requirements.

6f5) The following radio navigation systems are to be addressed in this activity:

· ILS (An.10, Vol.1, Att. C para. 2.7 – Deployment of ILS frequencies)

· VOR (An. 10, Vol.1, Att. C para. 3.7 – Geographical separation of VOR type facilities)

· DME (An. 10, Vol.1, Att. C Chapter 7 – DME )

· VDB/GBAS (An. 10, Vol.1, Att. D Chapter 7 – GBAS/GRAS)

6f7) In the discussion the SWG agreed with this proposal, however requested some revisions to be made to WP02, in particular on the new Job Card for this activity proposed in WP02. The changes to WP02 requested by the SWG were then made and provided as revision 1 of WP02. 

6f8) WP02, rev.1 served afterwards as an input to a discussion of this material by a joint meeting of SWG with GWG. The GWG showed particular interest on this working paper, because the frequency assignment planning criteria for GBAS VDB are currently under discussion. Changes are expected within the next two years. Therefore, some members of the meeting expressed concerns that the frequency assignment planning criteria for GBAS VDB, while under review would at the same time moved to another ICAO document. In order to avoid problems by such a challenging approach, the joint meeting of SWG with GWG agreed to state in the Job Card that GBAS VDB will be only taken into account, once the update of the frequency assignment planning material for GBAS has been finished. The move of frequency assignment planning for VHF/UHF navigation systems would to Doc 9718 would start with the material for ILS, VOR and DME with a target date of the first quarter 2019.

6f9) Members of the meeting asked for clarification, why it was not proposed that frequency assignment planning criteria for other navigations were also moved. It was explained that ICAO Region have only a particular need to optimise their frequency assignment planning processes for ILS, VOR, DME and GBAS/VDB. The joint meeting asked also for editorial changes to the paper, which were implemented during the discussion. Afterwards, the joint SWG/GWG meeting agreed on the final version, including the attached proposed Job Card. The agreed version was made available as revision 2 of WP02 for presentation to the plenary meeting of ICAO NSP.

Action SWG05/07 Felix Butsch to present SWG5/WP02, rev.2 to the ICAO NSP/4 plenary to request adopt the new Job Card NSP.012.01 Movement of Frequency assignment planning criteria for VHF/UHF NAV systems to Doc 9718 Volume II.”
WP03,
REVIEW AND UPDATE OF NSP JOB CARDS

6f1) This WP presents supporting material for reviewing and updating the NSP job cards. The only Job Card relevant to the SWG is NSP006.03, with the title “GNSS Radio Frequency Interference”. The SWG reviewed this Job Card.

· The first task to “Develop guidance on the detection, reporting and resolution of GNSS RFI to be included into the GNSS Manual (Doc 9849)” has been accomplished in time.

· The second task to “Develop guidance on the detection, classification, localization and resolution (including mitigation) of GNSS RFI” to be included into the ICAO RF Handbook, Doc 9718, Volume I until November 2017 will not be accomplished in time. In the discussion the SWG agreed, that sufficient material for this task is already available as a chapter of the recently updated GNSS Manual as well as proposed update to Doc 8071, Vol. II. The group agreed that it would be sufficient to reference this material in Doc 9718.

· The third task to “develop a Knowledge Database on GNSS RFI, including typical cases” has not yet been started. The target date Q2/2019 seems nevertheless achievable. Members of the SWG mentioned that ample material on recent GNSS RFI cases was available. They proposed that the following typical RFI cases should be mentioned: RFI by GNSS repeaters, GNSS RFI detected near Sydney, Manila and in Turkey; GNSS RFI threat by wireless cameras. The SWG however raised the question how to make the knowledge database on GNSS RFI publicly available. The secretary explained that once a prototype is available, it should be further discussed whether it can be realistically expanded to a maintainable product and be beneficial for “the public”. Then finding a way to make it available should be possible.

· The fourth task “to develop guidance on the detection, classification, localisation and resolution (including mitigation) of GNSS RFI to be included into Doc 8071” is under way. The target date Q2/2019 seem to be realistic.

Action SWG05/08: Felix Butsch to request the chair of ICAO FSMP to insert references to the GNSS RFI material in ICAO Doc 9849 and Doc 8071 into Doc 9718, Chapter 9 to provide on guidance on the detection, reporting and resolution of GNSS RFI.
III
Administrative matters

An updated action item list of the SWG can be found as Attachment B of this report. The next meeting of the Spectrum Working Group is expected to take place in the week from 16th to 20th of April 2018 in conjunction with the next ICAO NSP meeting. At that meeting also joint meetings with GWG on GBAS VDB frequency assignment planning criteria and with ICAO CP IWG PT-T on LDACS spectrum use are envisaged.

ATTACHMENT A: ACTION ITEM LIST

	Action number
	Action


	Actionees
	Status

	Actions from the Montreal meeting October 2006 (SSG10):



	SSG10/10
	To develop more detailed frequency coordination criteria between GBAS and VHF-COM as well as GBAS and ILS for publication by ICAO.
	SSG
	Ongoing, partly fulfilled by SSG18/WP16, SSG18/IP08, SSG19/WP9

SSG23/WP6, SSG24/WP04
SWG05/ WP28

	Actions from the Montreal meeting May 2010 (SSG16):



	SSG16/2
	To provide results of the compatibility studies of L-DACS and DME.
	SSG members
	Ongoing, partly fulfilled by SSG17/IP1 and SSG17/IP2,

IP20 of SSG18, SWG3/13

	Actions from the Montreal meeting May 2012 (SSG19):



	SSG19/1
	To insert a note into Vol. II of the ICAO RF Handbook, Doc 9718 to make States aware on the potential of interference into GBAS VDB monitor systems.
	SWG rapporteur to propose text to ICAO FSMP
	Open

	

	Actions from the Montreal meeting April 2015 (SSG24):



	SSG24/05
	To check the impact of the update of the aeronautical propagation model contained in ITU-R P.528-3
	Joachim Wollweber
	Discarded

	SSG24/08
	To update the list of reference documents in the ICAO “Electronic bulletin on ‘INTERFERENCE TO GLOBAL NAVIGATION SATELLITE SYSTEM (GNSS) SIGNALS’
	G. Berz
	Discarded

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



	SWG01/01
	To check compatibility between ILS Localizers at CDG airport and Le Bourget airport.
	Pierre Ladoux
	 Discarded

	SWG01/02
	To report about progress on standardisation of increased robustness and warning capabilities against GNSS RFI and spoofing.


	RTCA representative to ICAO 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. (Section 3.4.4 of WP9 to NSP/2 provides new information ESV and positioning service and its need for spectrum protection.
	SWG members
	Open

	

	Actions from the Montreal meeting of SWG June 2016 (SWG2):



	SWG02/02
	Develop guidance for local frequency planning i.e. ensuring compatibility between Nav-aids and VHF-COM-systems at the same airport (e.g. between existing ILS Localizers and a new GBAS VDB, between existing VORs and a new GBAS VDB, between existing VHF-COM and a new GBAS VDB).
	SWG members
	Partly fulfilled by SWG3/Flimsy 9, rev.1, and SWG05/WP28
Open

	SWG02/03
	To explore, what future frequency coordination rules taking into account real signal strength of the desired signal, (i.e. to further proceed with the work described in WP17 of ICAO NSP Dec. 2015) would be needed to allow deployment of a GBAS VDB at an airport with existing ILS (Worst-case is probably overflying an ILS LOC at the opposite runway-end)
	SWG members

	Partly fulfilled by SWG3/Flimsy 9, rev.1, and SWG05/WP28
Ongoing

	SWG02/05
	To evaluate whether the spurious emission limit from ITU-R M.329 leading to a D/U= -65 dB (applicable for ILS and VOR) is appropriate for frequency coordination – or whether a more realistic spurious emission suppression could be assumed. (For GBAS VDB the spurious emission limit is specified in ICAO Annex 10 and RTCA DO-246).
	SWG members
	Open,

Partly fulfilled by SWG/4 WP13.

	

	Actions from the Montreal meeting of SWG November/December 2016 (SWG3):



	SWG03/01
	To explore the necessity to revise the geographical separation rules between ILS Localizers and VOR in ICAO Annex 10, Vol. I, Att. C, section 3.5.


	G. Berz and J. Hermens
	 Fulfilled by SWG05/WP29.

Closed

	

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



	SWG04/01 
	To derive the geometric boundary between the region, where international frequency coordination criteria and the region, where local coordination criteria could be applied for GBAS VDB versus ILS/VOR frequency coordination.
	RTCA VDB ad‑hoc
	Open

	SWG04/02
	To circulate anticipated ICAO Annex 10 updates dealing with improvements related to GBAS VDB compatibility with ILS/VOR via within the GBAS community by RTCA SC-159 WG4, EUROCAE WG28 and the International GBAS Working Group before the applicability date of the GAST-D SARPs in November 2018.
	Matt Harris, Joel Wichgers, Winfried Dunkel, Pierre Ladoux
	Open

	SWG04/03
	To present to autumn 2017 meeting of ICAO NSP the available GBAS VDB versus VHF COM results contained in WP6 of the ICAO NSP meeting in Sept./Oct. 2014.
	Felix Butsch
	Open, Partly fulfilled by SWG05/IP30.

	SWG04/04
	To contribute to the development of a compilation of DME compatibility criteria to be applied for sharing studies between DME and new aviation systems as well as non-aviation systems in frequency band.
	SWG members
	Open

	SWG04/05
	To contribute to the development spectrum efficiency metrics for navigation systems.
	SWG members
	Open

	SWG04/06
	To present a paper on DME compatibility and evolution to ICAO FSMP.
	G. Berz
	Open

	SWG04/07
	To provide comments to Mark Dumville (E-mail: mark.dumville@nsl.eu.com) on the ‘Draft Reporting Standards for GNSS RFI threat monitoring and reporting’ attached to WP3 of ICAO NSP June 2017.
	SWG members
	 Discarded.

	SWG04/08
	To inform SWG about the outcome of an FAA request to RTCA to provide recommendations on GNSS RFI reporting, investigation, evaluation and education of pilots and ATC controllers.
	Noppadol Pringvanich
	Open, (RTCA group had its second meeting on Oct 12, 2017)

	SWG04/09
	To provide an overview of GNSS RFI reports available to IATA.
	Noppadol Pringvanich
	 Fulfilled by SWG05/IP26

	SWG04/10
	To establish a contact to CEPT FM22 to discuss GNSS RFI investigation for aviation purposes with European radio agencies.
	G. Berz
	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
	Open

	GWG Action217
	To provide a derivation of the impact of VDB fieldstrength fluctuations on the Message Failure Rate in the context of GWG developing a specification to be included into ICAO Doc 8071, Vol. II , how to evaluate fieldstrength measurement results.
	Matt Harris
	Open

	SWG05/01
	To perform a VDB frequency planning exercise for Europe based on -60 dB GBAS D/U criteria beyond 1 MHz and taking into account an AGV margin of 15 dB.
	Pierre Ladoux
	Open

	SWG05/02
	To bring NSP4/WP05 on the RFI-threat to DME ground beacons by consumer video transmitters operating in 1.2 GHz band to the attention of ICAO NSP CNTWG.
	Jules Hermens
	Closed

	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 to the April 2018 meeting of SWG
	Michael Schnell
	Open



	SWG05/04
	To present NSP/4 Flimsy 4 to the October 2017 meeting of ICAO NSP CNTWG with the goal to obtain answers to questions on applicable compatibility criteria for DME against interference against undesired LDACS signals.
	Jules Hermens
	Closed

	SWG05/05
	To circulate NSP4/WP35 with the title “LDACS Overview, compatibility criteria and test plan” among SWG members in order to solicit feedback until end of November 2017. 
	Felix Butsch
	Closed

	SWG05/06
	To provide to ICAO NSP “IATA Technical Information Briefings on Harmful Interference to Global Navigation Satellite System (GNSS)” regularly
	Noppadol Pringvanich
	Standing action item

	SWG05/07
	To present SWG5/WP02, rev.2 to the ICAO NSP/4 plenary to request adopt the new Job Card NSP.012.01 Movement of Frequency assignment planning criteria for VHF/UHF NAV systems to Doc 9718 Volume II.”
	Felix Butsch
	Closed

	SWG05/08
	To request the chair of ICAO FSMP to insert references to the GNSS RFI material in ICAO Doc 9849 and Doc 8071 into Doc 9718, Chapter 9 to provide on guidance on the detection, reporting and resolution of GNSS RFI.
	Felix Butsch
	Open.


ATTACHMENT B: LIST OF PARTICIPANTS OF THE SWG

	Name
	Atten​dance

(full-time/

part-time)
	Organisation 
	Email

	Alessandro Capretti
	P
	ICAO
	ACapretti@icao.int

	Felix Butsch
	F
	DFS, Germany
	Felix.Butsch@dfs.de 

	Jules Hermens
	F
	Netherlands Civil Aviation Authority
	jules.hermens@ilent.nl



	Lo Weng Kee
	F
	Civil Aviation Authority of Singapore
	lo_weng_kee@caas.gov.sg

	Mikhail Markelov
	F
	Air Navigation

State Scientific & Research Institute, Russia 
	Markelov@atminst.ru

	Noppadol Pringvanich
	F
	IATA
	PRINGVANIN@IATA.ORG

	Imre Banyasz
	F
	Hungaro Control, Hungary
	imre.banyasz@hungarocontrol.hu;

	Li Ziji
	F
	ATMB CAAC, Peoples Republic of China
	liziji@atmb.net.cn

	Susumu Saito
	P
	ENRI, Japan
	susaito@enri.go.jp

	Takeshi Ono
	F
	Japan Radio Navigation Systems Association
	ono-t178@jransa.or.jp

	Robert Witzen
	F
	ICAO
	r.witzen@videotron.ca

	The following people participated via teleconference to the Joint GBW/SWG meeting:

	Adrian Hiliuta
	P
	Esterline CMC Electronics, Canada
	Adrian.Hiliuta@cmcelectronics.ca

	Andreas Lipp
	P
	Eurocontrol
	Andreas.Lipp@eurocontrol.int

	Joel Wichgers


	P
	Rockwell Collins
	Joel.Wichgers@rockwellcollins.com

	Laurent Azoulai
	P
	Airbus, France
	Laurent.AZOULAI@airbus.com

	Mark Dickinson


	P
	FAA
	Mark.Dickinson@faa.gov

	Stefan Müller
	P
	DFS, Germany
	Stefan.Mueller@DFS.de

	The following people participated via teleconference to the Joint GBW/SWG meeting:

	John Banks
	P
	Eurocontrol
	john.banks@adept-atm.com

	Philip Sacré
	P
	Eurocontrol
	 philippe.sacre@eurocontrol.int
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