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SUMMARY

This information paper contains the report of the last meeting of the ICAO NSP Spectrum Working Group (SWG), which was held at ICAO Headquarters, Montreal from 30th November to 2nd December 2016. The discussions of main topics of the meeting can be summarised as follows:

GBAS VDB Frequency coordination criteria
Several papers were presented which demonstrated that ILS and VOR Undesired signal sources exceed the adjacent channel suppression performance (Desired to Undesired signal power ratio) and maximum received signal power specified by the GBAS MOPS, RTCA DO-253() in operationally relevant areas. This poses a problem for the derivation of frequency coordination criteria. In particular, for airports with existing ILS and VOR transmitters, the deployment of GBAS may not be possible with the current criteria. A joint meeting of GBAS Working Group (GWG) and the Spectrum Working Group developed a paper (flimsy 9, rev.1 of the meeting), which was intended to inform RTCA SC-159 WG 4 about this situation. Moreover, this paper also requests from RTCA a more stringent specification of the on-board GBAS VDB interference suppression leading to more practicable frequency coordination criteria. SWG and GWG will closely cooperate with RTCA on resolving this issue with the target to be able to promulgate new frequency coordination criteria for GBAS VDB in the 2020 update cycle of Annex 10.


Insertion of GNSS RFI Mitigation Plan into GNSS Manual:
SWG reviewed the GNSS RFI Mitigation Plan and adopted it with small revisions and amendments. The main change is an addition regarding protection against interference from GNSS-repeaters based on the outcome of German studies on this topic.



LDACS
The SWG reviewed a paper dealing with the Status and spectrum characteristics of a future L-band Aeronautical Digital Communication System (LDACS). Due to the fact, the LDACS is foreseen to operate in the band 960 to 1164 MHz, the electromagnetic compatibility with terrestrial navigation systems and secondary surveillance radar in the band needs to be studied. For this reason, the SWG recommended that compatibility studies between aeronautical radio navigations systems and LDACS shall be further developed in close cooperation with ICAO NSP SWG and that 1030/1090 MHz studies be liaised to the ICAO Surveillance Panel.

Potential need for revision of frequency planning Rules for ILS-VOR
The SWG reviewed two papers origination from the European ICAO Frequency management group ICAO EANPG FMG. They identify contradiction in the geographical separation rules between ILS Localizers and VOR in ICAO Annex 10, Vol. I, Attachment C, section 3.5. Two volunteering experts for terrestrial Navaids will analyse the need to revise these planning rules in more detail until the next SWG meeting. If it turns out the SWG needs to dedicate considerable work on this topic a Job Card on this task will be drafted at the next meeting.

Electromagnetic Compatibility of Beidou with Mobile Satellite Service
In a response to an action item from an earlier SWG meeting, Beidou-experts presented a paper analysing the Electromagnetic Compatibility of the Beidou B1I signal with the Mobile Satellite Service (MSS) in the band below (<1559 MHz). The result was that emissions by the MSS could cause an increase of the range tracking error of the Beidou B1I signal above the value of 0.4 m which is contained as the tracking error limit in the draft SARPS for Beidou B1I. The SWG pointed out that, since MSS does comply with the conditions stipulated by ITU for the operation in its dedicated band no further protection can be claimed. Therefore, the SWG recommended that the interference robustness of the receiver be increased to recognize the interference caused by MSS. This should be reflected in a change in the interference threshold mask.








REPORT
OF THE
ICAO NSP SPECTRUM WORKING GROUP MEETING
30th November to 2nd December 2016, ICAO Headquarters, Montreal, Canada

I. Introduction

The meeting of the ICAO NSP Spectrum Working Group (SWG) was held at ICAO Headquarters, Montreal from 30th November to 2nd December 2016. Mr. Felix Butsch, the rapporteur of the SWG, chaired the meeting. 

Attachment A contains a list of action items and actionees. Attachment B provides a list of participants. The following table contains an overview of agenda items with corresponding working and information papers, which were discussed by the Spectrum Working Group:
	WP/IP No. 
	Title 
	Presented to NSP by (Presented to SWG by)

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

	

	IP21,rev.2
	Status of the development of GBAS VDB coordination criteria
	SWG-Rapporteur
(Felix Butsch)

	IP25
	Status of Simulations for VHF Compatibility Assessment
	Tim Murphy
(Matt Harris)

	WP16,rev.1
	GBAS VDB Desired-to-Undesired Signal Power Ratios
 at Frankfurt Airport
	Stefan Naerlich
(Felix Butsch)

	WP11
	GBAS-VDB versus ILS-Localizer D/U-Calculation based 
on Flight Calibration Measurements at Toulouse airport
	Benoît Roturier
 (Pierre Ladoux)

	IP22
	GBAS Implementation with limited VDB ILS Frequency offset in Anapa (Vityazevo) airport 
	Vladimir Korchagin
(Mikhail Markelov)

	Note: The working and information papers above were discussed by a joint meeting of GSWG and SWG. 
The result of the discussion is covered by the report of the GWG meeting.

	Flimsy 09, rev.1
	ICAO NSP recommendations 
on necessary interference suppression improvement of the GBAS VDB receiver
	SWG-Rapporteur
(Felix Butsch)

	WP24
	GBAS VDB SARPs guidance on FM immunity
	
(Daniel Domey)

	IP29
	FMG 22, WP6, Revision of Planning Rules for ILS-VOR
	SWG-Rapporteur
(Felix Butsch)

	IP28
	ICAO FMG report to EANPG 58
	
(Jules Hermens)

	

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

	
	
	

	IP13
	LDACS Programme Status
	Stefan Naerlich
(Felix Butsch, Gerhard Berz)

	

	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

	

	WP20,rev.1
	Insertion of RFI Mitigation Plan into GNSS Manual
	Francisco Salabert
(Gerhard Berz)

	Flimsy 04,rev.1
	Proposed improvements for the GNSS Manual dealing with GNSS repeaters
	Stefan Naerlich
(Winfried Dunkel)

	Flimsy 12
	GNSS RFI Mitigation Plan: GNSS Manual Update Proposal
	Francisco Salabert
(Gerhard Berz)

	IP04,rev. 2
	BDS B1I Anti-Interference Test Progress
	Qin Zhi 
(Wang Zhipeng)

	

	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

	

	IP27
	Report of the ICAO FSMP WG/3
	ICAO FSMP rapporteur, Mike Biggs

	WP15
	Modifications to ICAO Doc 9718, Vol. I, 
-proposed by ICAO FSMP WG/3
	SWG-Rapporteur
(Felix Butsch)



II. Results of the Discussions

Agenda Item 6a): Signal and compatibility issues in the band 108 to 117.975 MHz
	
6a1) The following working and information papers were presented under this agenda item to a joint meeting of GWG and SWG: 
· IP21, rev.2, Status of the development of GBAS VDB coordination criteria.
· IP25, Status of Simulations for VHF Compatibility Assessment.
· WP16, rev.1, GBAS VDB Desired-to-Undesired Signal Power Ratios at Frankfurt Airport
· WP11, GBAS-VDB versus ILS-Localizer D/U-Calculation based on Flight Calibration Measurements at Toulouse airport.
· IP22, GBAS Implementation with limited VDB ILS Frequency offset in Anapa (Vityazevo) airport.
The report of the discussion of these papers by the joint meeting of GWG and SWG is contained in the GWG report.

Note: An excerpt from that GWG report follows in the box stating at the next page.






























	<Excerpt from the GWG report on the joint meeting of GWG and SWG:>
A joint meeting of GWG and the Spectrum Working Group (SWG) was held to review papers WP 11, WP 16, IP 21, IP 22, and IP 25 which concern VDB compatibility with ILS and VOR.   A synopsis of each paper is given below.  The review of these papers resulted in a lengthy discussion.  The general points of consensus reached are as follows:

· GWG/SWG are not in favour of delaying the MOPS change.  
· The VDB compatibility with ILS and VOR doesn’t work on paper when all minimum performances are stacked up.  
· However, the problem cannot be addressed only through an increase in the receiver D/U performance.  Some combination of increased specified performance, 
· Want to propose something like -67 D-to-U for 40th adjacent and beyond.  Then look at an allocation over all mitigations to address all the cases.

GWG and SWG agreed that some recommendations would be made to RTCA concerning improvements in receiver performance.  Towards that end it was agreed that SWG will develop a set of requirements and rationale to give to RTCA as a starting point.  Things to include in the consideration;
· D/U of -67 dB for frequency separation of 1 MHz or greater (i.e. 40th channel and beyond)
· Some guidance on the maximum VOR signal strength that the receiver must be able to tolerate (i.e. Smax-limit).  Report on what we know about it and highlight that we need to obtain data as soon as possible.

SWG accepted the action to develop a flimsy (see Flimsy 9).  A second joint GWG/SWG session was held to review (and improve) Flimsy 9.  The improved flimsy was released as Flimsy 9 rev 1.  It was agreed that this final version of the flimsy would be communicated to RTCA SC-159 WG 4 by giving it directly to a co-chair of that committee (Matt Harris) at this meeting.

WP 11 – GBAS-VDB versus ILS-Localizer D/U-Calculation based on Flight Calibration Measurements at Toulouse airport
As per action SWG02/8 of the ICAO NSP SWG meeting in June 2016, this working paper presents results about GBAS versus ILS-LOC D/U calculation based on flight calibration measurements performed at Toulouse airport.

At the ICAO NSP2 meeting in December 2015, a Joint ICAO NSP-RTCA-Group on GBAS VDB was formed to tackle the GBAS VDB frequency coordination issues. This group has met several times by teleconference since ICAO NSP2 with the objective to progress on the determination of appropriate frequency coordination criteria for GBAS VDB.

At the ICAO Spectrum Working Group (SWG) meeting in June 2016, an action was assigned to all members to “provide typical ILS and VOR field strength on the approach path to allow to realistically model the undesired signal strength into the GBAS VDB receiver (typical data from deployed systems, in particular for airports with existing GBAS)”.

At the Joint ICAO NSP-RTCA-Group on September 27th 2016, Germany made a presentation about GBAS-VDB versus ILS-Localizer D/U-Calculation based on Flight Calibration-Measurements at Frankfurt airport. 

This working paper herein presents results of similar measurements about GBAS and ILS-LOC signals power levels as made during calibration flights performed at Toulouse airport. Those results allow to calculate GBAS versus ILS-LOC D/U.






The NSP is invited to:
· Note the information provided in this working paper
· Progress with the development of GBAS VDB frequency compatibility criteria
· Consider to apply an operational restriction to switch off the ILS serving the opposite runway in use during GBAS operations (as typically done today for ILS)

GWG/SWG agreed in principle with the recommendations.  Joint work between GWG/SWG and RTCA SC‑159 WG4 will continue.  As a result of the discussion GWG/SWG agreed that multiple mitigation factors should be considered in addition to the operational restriction mentioned.   
WP 16 – GBAS VDB Desired-to-Undesired Signal Power Ratios at Frankfurt Airport
The goal of this paper is to contribute to answer the question what Desired-to-Undesired (D/U) signal power criteria in adjacent channels are necessary to allow successful coordination of a GBAS VDB frequency a major airport with existing ILS Localizers. For this purpose, typical D/U values during approach, level overflights over the runway and departure for Frankfurt airport (Germany) are derived by evaluating flight inspection results.

D/U values encountered at Frankfurt airport did for some scenarios reach values, which are not protected by the current adjacent channel suppression requirements of the GBAS on-board receiver according to the current draft RTCA/DO-253D airborne MOPS.  Problems may arise in particular for the following scenarios: 
· Scenario 1: During the roll-out phase on the runway close to the runway stop-end near an ILS Localizer antenna, when the Localizer antenna is close to the runway stop-end (Applicable to ‘GAST-C autoland’ and GAST-D).
· Scenario 2: During overflight of a transmitting opposite ILS-Localizer. (Applicable tor GBAS CAT-I approaches to runway-ends where ILS Localizer is at a location before aircraft reaches CAT I decision point. Opposite ILS Localizer is switched-on during CAT-I and better weather conditions).
Scenario 3: During overflight of an active ILS-Localizer at a guided take-off.

The NSP was invited:
· to recommend to RTCA SC-159 WG4 to increase the stringency of “Adjacent channel rejection D/U requirements in the RTCA/DO-253() airborne MOPS to a degree that allows ICAO NSP to derive frequency coordination criteria for GBAS VDB that are practicable for deploying GBAS at airports with existing ILS Localizers. 
· to forward to RTCA SC-159 WG4 the necessary evidence to determine the right “Adjacent channel rejection D/U requirements like the GBAS VDB D/U values encountered at Frankfurt airport which are documented in this paper.
GWG agreed in principle to the first recommendation.  See the section above on the joint meeting for the resolution of the second recommendation. 
IP 21 – Status of the development of GBAS VDB coordination criteria (rev 1)
This paper provides information on current status of the development frequency coordination criteria for GBAS VDB: 

Today ICAO Annex 10, Vol. I, Attachment D contains frequency coordination criteria between GBAS and GBAS (section 7.1.4) as well as between GBAS and VOR (section 7.1.6). Furthermore, it contains preliminary guidance for the compatibility between GBAS and ILS (Attachment D section 7.2.3) as well as between GBAS and VHF communications (Attachment D section 7.2.4).


Since 2011 a lot of efforts have been undertaken to derive the missing detailed frequency coordination requirements between GBAS VDB and ILS as well as between GBAS VDB and VOR. However, ensuring consistency between frequency coordination criteria for the GBAS VDB with the adjacent channel suppression requirements for GBAS on-board receivers of the RTCA/DO-253() airborne MOPS turned out to be challenging.

In the context of revising to ICAO Annex 10, Vol I., Attachment D, sections 7.2.3 and 7.2.4 in order to allow aircraft to get closer to the VDB transmit antenna (80 m vs. 200 m) also compatibility guidance for the compatibility of GBAS VDB with ILS contained in the same sections have been improved. This material has afterwards been adopted by ICAO NSP/2, December 2015. It is now part of the “Proposed amendments to Annex 10: Ground-Based Augmentation System (GBAS) provisions” (WP3 of ICAO NSP/3, Montreal, December 2016). It provides the best interim guidance available. Further work regarding frequency coordination criteria for GBAS VDB by the SWG is ongoing. 


After a lengthy discussion about the scope of the requirements, it was agreed that the goal for 
A final frequency coordination criteria proposal is SARPs amendment cycle resulting in applicability in 2020.  Therefore the criteria needs to be finalized and validated by NSP by fall of 2018.  
IP 22 – GBAS Implementation with Limited VDB – ILS Frequency Offset in ANAPA (VITYAZEVO) Airport
This paper provides information regarding distribution of frequency channels assigned for GBAS VDB stations deployed in Russia and minimum channel spacing between VDB and ILS/VOR facilities located at the same airport found to be sufficient for operation without mutual interference.

This paper shows an example where a GBAS installation apparently works well in spite of the fact that a worst case analysis would predict that there would be interference. 

The total number of international and domestic airports in Russia equipped with GBAS stations as of November 1, 2016 is 93. Among all these airports 25 have no other instrument approach aids, at 32 airports GBAS stations coexist with one ILS facility, 29 airports are equipped with two ILS facilities, and remaining 7 airports have three or more ILS facilities.  A significant number of VDB transmitters have frequency assignments below 112 MHz.  These assignments were mostly made for VDB stations deployed at airports where no ILS facilities are installed but some of the assignments were made at ILS equipped airports. Such assignments in some of these airports result in rather small channel spacing between the VDB and ILS.  The paper gives technical details about a specific example, Anapa (Vityazevo) airport, where the VDB station transmits signals at 108.45 MHz and ILS facility (RWY 04) operates less than 1 MHz away at 109.1 MHz.  

Flight inspections of the Anapa GBAS station were carried out.  ILS-like GLS approaches were performed up to the runway threshold. No harmful interference from ILS facilities to airborne VDB receiver was detected during these inspection flights. The GBAS station compliance with applicable requirements was confirmed, and it was put into continuous operation. Cat I ILS approaches routinely conducted at Anapa airport by Russian carriers did not reveal any harmful interference to on-board ILS receivers from the VDB transmitter.  

The NSP was invited to note the information regarding successful implementation of the GBAS station with VDB – ILS frequency spacing as small as 650 kHz.








IP 25 – Status of Simulations for VHF Compatibility Assessment
The motivation for the work described in this paper is to support the development of VDB frequency coordination criteria and potentially updated VDB receiver requirements. This work is ongoing and is being reviewed by the ICAO NSP Spectrum Working Group and RTCA SC-159 Working Group 4 VDB ad-hoc team.

Frequency compatibility analyses presented in NSP/2-WP17 indicated a need for more stringent adjacent channel rejection requirements for VDB receiver equipment. That analysis also showed a significant dependence on assumptions about aircraft antenna gain variation and transmission loss variation, as well as the relative locations of desired and undesired transmitters relative to the user.  

This paper describes the method and status for analysis of frequency compatibility scenarios for VHF navigation aids during the final phases of an approach, taking into account some actual installed aircraft nose and tail VHF antenna patterns, for aircraft on final approach paths, and for a range of desired and undesired transmitter locations.  The purpose for this analysis method was to help identify realistic assumptions for antenna gain variation and desired-to-undesired power levels for frequency compatibility analysis. 

Initial results from this work indicate that for some scenarios the worst antenna gain variation may not need to be considered. Even so, results indicate that new VDB receiver requirements may still be needed for undesired signals beyond 3rd adjacent channel with more stringent desired-to-undesired adjacent channel rejection requirements than the current ‑46dB.  Additionally, or alternatively, VDB field strength requirements may be needed that provide for levels higher than the minimum for GBAS operations very near the desired VDB and near undesired VOR, ILS, and VDB sources for cases where the required rejection may not be achievable.

Flimsy 9 - ICAO NSP recommendations on necessary interference suppression improvement of the GBAS VDB receiver
Several papers were presented to ICAO NSP/2 and NSP/3 which demonstrated that ILS and VOR Undesired signal sources exceed the adjacent channel suppression performance (D/U) and maximum received signal power specified by the GBAS MOPS, RTCA DO-253(). Test-results of GBAS VDB receivers presented to ICAO NSP indicate that today’s receivers are exceeding what is specified in the MOPS.  Therefor a more stringent specification of the on-board GBAS VDB interference suppression performance should be possible. That would lead to more practicable frequency coordination criteria. The goal of this document is to provide RTCA basic recommendations on how to revise the GBAS VDB interference suppression specifications.

This flimsy was drafted by the Spectrum Working Group (SWG) and reviewed in a joint GWG/SWG session.

<End of excerpt from the GWG report on the joint meeting of GWG and SWG >





Flimsy 09, rev.1: ICAO NSP recommendations on necessary interference suppression improvement of the GBAS VDB receiver
6a2) This flimsy was drafted by SWG on request by the joint meeting of GWG and SWG in the context of discussing GBAS VDB-related papers. The purpose of this paper is to give RTCA SC‑159 WG4 guidance on the ICAO NSP perspective for the further evolvement of GBAS VDB interference robustness specifications. The document was further revised by the joint meeting of GWG and SWG. Revision 1 of flimsy 09 contains the final version taking into account the change requests by the joint meeting. The co-chair of RTCA SC-159 WG4, who was attending the ICAO NSP/3 meeting will present it to the next meeting of WG4 at the 12th of December 2016.

Note: Flimsy 09, rev.1 is contained in Attachment C of this IP.
WP24,	GBAS VDB SARPs guidance on FM immunity
6a3) This paper proposes changes to the guidance on FM immunity of GBAS VDB in ICAO Annex 10, Vol. I, Section D.7.2.1.2 to mitigate the observed issues with the FM desensitisation. 

6a3) Although at the meeting the SWG had temporarily agreed on the proposed change, during a later review of the draft SWG report via correspondence issues with this change were raised. Therefore, it was decided to discard this change allowing a more thorough discussion at a future SWG meeting.
	
IP29, ‘FMG 22, WP6, Revision of Planning Rules for ILS-VOR’
6a4) This paper reviews the existing material regarding planning rules for ILS/VOR and identifies the cases where there is insufficient information provided in Annex 10, Volume I. Annex 10, Vol 1, Attachment C, section3.5.3.1 provides some guidance for the cases where an international VOR is planned, on a temporary basis, on the same frequency as a national ILS: 
(a) Protection of the ILS system requires that a VOR having an ERP of 17 dBW (50 W) be at least 148 km (80 NM) from the ILS protection point.

6a5) For the adjacent channel case in areas where assignments are spaced at 50 kHz, Annex 10, Volume I, Attachment C, para 3.5.3.2, states: 
Protection of the VOR system is effectively obtained without geographical separation of the facilities. However, in the case of: 
(a) b) a localizer receiver designed for 100 kHz channel spacing and used in an area where assignments are spaced at 50 kHz, the protection of the ILS system requires that a VOR having an ERP of 17 dBW (50 W) be at least 79.6 km (43 NM) from the ILS protection point.

6a6) The SWG agreed that since localizer receiver designed for 100 kHz channel spacing would exhibit regarding an undesired VOR signal on an adjacent channel the same suppression like to a VOR signal on the same channel having two different separation rules (43 NM versus 80 NM) is a contradiction.
Note: This topic was further discussed in conjunction with the presentation of IP28.


IP28,	ICAO FMG report to EANPG 58 
6a11) This document contains the report on the November 2016 meeting of ICAO EANPG Frequency Management Group (FMG) to illustrate the FMG discussion of the observed contradiction in the ICAO Annex 10 frequency planning rules for ILS-VOR addressed in IP29. To rule out that no interference will be caused due to an incorrect frequency planning rule the FMG decided t to add the following note after paragraph 3.1.1 of Part III of the European ICAO Frequency Management Manual, ICAO EUR-DOC011: „In the EUR region, for the avoidance of harmful interference, it is not permitted for a VOR facility to operate, even on a temporary basis, on a frequency allotted to ILS localizers.“.

6a12) Moreover, the FMG formulated the following recommendations to ICAO NSP (contained in section 2.16 of the FMG report) to resolve the aforementioned issues:
a) a request for compatibility studies should be made to the ICAO NSP, not least because the available documentation does not provide supporting material to justify the use of the current 43 NM value; 
b) compatibility studies by ICAO NSP should be based on the D/U values proposed in Annex 10 Volume I, Attachment C to protect ILS localizer receivers designed for 50 kHz channel spacing from an undesired signal at 50 kHz, and; 
c) considering that the proposed geographical separation values for VOR/ILS are only valid under the assumptions in Annex 10, compatibility studies by ICAO NSP should develop a method to calculate the required separation distance for any power and DOC values of VOR systems. 


6a13) In the discussion of IP29 and IP28, the SWG agreed that there seems to be contradiction in the geographical separation rules between ILS Localizers and VOR in ICAO Annex 10, Vol. I, Attachment C, section 3.5. The ICAO NSP secretary explained the ICAO NSP would need an official request by ICAO EANPG to dedicate work on this issue, which have not yet been received by the ICAO office. If this task will be taken on-board and the task was considered to require major activities, a Job card dedicated to this task needed to be developed. The SWG decided to formulate an action item to further explore the necessity of such work until its next meeting.

Action SWG03/01: G. Berz and J. Hermens 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.


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


IP13,	LDACS Programme Status
Note: The paper was discussed in absence of its author.
6b1) This paper informs about the results of the conformance and compatibility measurements of the L-band Digital Aeronautical Communication System (LDACS), on the status of the Alternative Positioning Navigation and Timing (APNT) concept based on LDACS, and on L-band spectrum issues. The SWG noted that the tests were performed at all four proposed LDACS1 sub-bands (963.5–970.5 MHz, 985.5–1008.5 MHz, 1048.5–1071.5 MHz and 1149.5–1156.5 MHz).

6b2) SESAR LDACS1 studies showed that the preferred LDACS bands are: 963.5 – 970.5 MHz for Reverse Link and 1149.5 – 1156.5 MHz for Forward Link. But the WRC-12 and WRC-15 Resolution 417 has set power limitations in the upper part of the L-band thus making impossible for LDACS1 to operate in the 1149.5-1156.5 MHz band. With this limitation the upper L-Band above 1125MHz is practically not usable for any future terrestrial communication system. The specified robustness for aeronautical radio-navigation satellite receivers on CAT I approach would allow to operate LDACS in the L-band up to 1152.5 MHz

6b3) Regarding LDACS1 compatibility with airborne- and ground DME/TACAN receivers alone, the paper concluded that LDACS1 FL/RL channel deployment in the frequency bands 963.5 – 970.5 MHz and 1149.5 – 1156.5 MHz may be the most promising option.


6b4) Investigations of the compatibility of LDACS1 with the following signals are still outstanding:
· SSR on the channels 1030 and 1090 MHz,
· UAT at 978 MHz
· JTIDS in the sub-band 969-1008, 1053-1065,1113-1206 MHz
· Out-of-band emissions of GSM, UMTS, LTE operated in the band below 960 MHz
· RSBN in the band 1025-1151 MHz 

6b5) The SWG recommended that compatibility studies between aeronautical radio navigations systems and LDACS shall be further developed in close cooperation with ICAO NSP SWG and that 1030/1090 MHz studies be liaised to the ICAO Surveillance Panel.


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


WP20, Insertion of RFI Mitigation Plan into GNSS Manual
6d1) WP20 contains a revised version of the draft GNSS RFI mitigation plan which takes into account change requests and comments received since last ICAO NSP meeting. The SWG provided further change requests, which were taken into account to produce flimsy 12. This paper was then further reviewed by the plenary meeting of ICAO NSP/3.

Flimsy 4, Proposed improvements for the GNSS Manual dealing with GNSS repeaters
6d2) Flimsy 4 contains proposed improvements for the GNSS Manual dealing with GNSS repeaters. The document was reviewed by the SWG in conjunction the draft GNSS RFI mitigation plan contained in WP20. Revision 1 of Flimsy 4 was produced, taking into account all change requests by the SWG. The content was inserted into flimsy 12.


IP04, rev. 2, “BDS B1I Anti-Interference Test Progress”
6d3) In response to action SWG01/03 this information paper provides answers to the issues that SWG members raised on the BDS OS B1I anti-interference testing. These issues include two parts: 
· The antenna elevation gain influence on pseudo-range tracking precision: Considering the antenna elevation gain, pseudo-range tracking accuracy remains to be 0.4 m.
· The compatibility of BDS OS B1I with Mobile Satellite Service (MSS) Down-link (e.g. INMARSAT, MTSAT): When the Power Flux Density (pfd) value of MSS down link signal is -112 dBW/m2/MHz, pseudo-range tracking accuracy of BDS B1I receiver is about 0.4 m. With increasing pfd value of MSS signal, the pseudo-range tracking error of BDS B1I receiver will increase up to 0.6 m, which shows that MSS interference exerts adverse impact on BDS B1I signal receiver. In addition, the normal operational MSS level (approximately -130 dBW/MHz) greatly exceeds the stated BDS OS B1I interference mask level (-138 dBW/MHz).

6d4) The SWG expressed concerns regarding the impact of the Mobile Satellite Service Down-link since the increase of the tracking accuracy to 0.6 m would contradict the value of 0.4 m, which is specified in the draft Beidou B1I SARPs (WP20 ICAO NSP/1, December 2015). SWG reminded the Beidou-experts that Beidou cannot claim protection from interference by MSS, since MSS is operating in its band allocated by ITU (below 1559 MHz). Therefore, SWG recommended that the interference robustness of the receiver be increased to recognize the interference caused by MSS. This should be reflected in a change in the interference threshold mask. 


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

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


Agenda Item 6f): Spectrum – any other business

IP27,	Report of ICAO FSMP WG/3
6f1) Mike Biggs, chairman of the ICAO Frequency and Spectrum Management Panel (FSMP) as well as the FSMP Working Group (WG) presented the report of the last ICAO FSMP WG meeting. He focused on the following topics which are most relevant to ICAO NSP:
· Review of ICAO Doc 9718, Vol. I => ICAO FSMP WG/3 is reviewing of ICAO Doc-9718 with the goal to produce a mature revised draft version at its next meeting in March 2017.
· GADSS (global aeronautical distress and safety system) => COSPAS-SARSAT could play a role providing GADDS services on COSPAS-SARSAT-channels (406 MHz band).
· European Radio Equipment Directive (RED) => The European Commission is dedicated to improve spectrum efficiency of many systems. One of its steps in this direction was to question the spectrum efficiency of aeronautical radars. A similar initiative may focus on the ground transmitters of Aeronautical Radionavigation Systems for which an ETSI-standard may need to be developed in EUROPE. 
· Command and control of RPAS via Fixed Satellite Services => ICAO FSMP cooperates with the RPAS-Panel. A set of basics SARPs for the command and control link via Fixed Satellite services is expected to be developed by the RPAS-Panel in due time for the WRC2019.
· Proposed revision of ITU-R SM.1009 => A German initiative within ITU to proposed revision of ITU-R SM.1009 in ITU working parties WP1A, WP5B and WP6A could not convince ITU to initiate work on the proposed revision. However, ITU-WP1A decided to put the new German coordination model between Aeronautical Radionavigation Systems and FM-broadcast into a draft report, which is expected to collect country-specific coordination models.
· Programme Making and Special Events (PMSE) => A working paper informed about an initiative of the UK to use the band 960 to 1164 MHz for wireless microphones. Because of the potential impact on aeronautical services in this band this initiative was regarded by the ICAO FSMP WG with concerns. UK CAA could in the meantime convince the European CEPT Working Group FM to study compatibility with aeronautical systems in the band. 
· Activities of RTCA SC-228 to standardise unmanned aircraft control data links => Among the standardisation of a data-link in the 5 GHz band, RTCA discusses the use of the band 960 to 1164 MHz for this purpose. This may also have an impact on Aeronautical Radionavigation Services in the band.


WP15,	Modifications to ICAO Doc 9718, Vol. I, -proposed by ICAO FSMP WG/3

6f2) ICAO FSMP WG/3 is reviewing of ICAO DOC-9718 “Handbook on Radio Frequency Spectrum Requirements for Civil Aviation, Volume I, ICAO spectrum strategy, policy statements and related information”. The SWG was invited to provide comments on the document in due time before the next meeting of the ICAO FSMP WG, starting on 27th of March 2017 to the E-mail-address: Mike.Biggs@FAA.gov. It was recommended to focus the review on chapters 7, 8.5 and attachment G.

Action SWG03/02: SWG members to provide comments on Modifications to ICAO Doc 9718, Vol. I, contained in NSP/3-WP15 to Michael.Biggs@FAA.gov in due time before the spring meeting of ICAO FSMP WG/4 starting at 27th of March 2017.





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 conjunction with the next ICAO NSP from 13th to 16th of June 2017. 

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

	
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 March 2013 (SSG20):


	SSG20/04
	To analyse DME coverage limitations in the context of DME/DME RNAV use.
	EURO-CONTROL
	 Completed

	
Actions from the Montreal meeting November 2013 (SSG21):


	SSG21/01
	To provide updates of the study of DME/TACAN interference in the E5/L5-band to the SSG.
	DLR
	 Discarded.

	SSG21/02
	To provide material deemed useful to completing the tasking of the Job Card on RFI to GNSS
	SSG members
	Partly fulfilled by SSG22/WP45
Partly fulfilled by SSG23/WP4
Partly fulfilled by WP36 and IP36 to SWG/1
Closed by SWG3/WP20

	










	Actions from the Montreal meeting April 2015 (SSG24):

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


	SSG24/07
	To provide proposal on updating of ICAO GNSS Manual with information on ITU documents that define the interference assessment methodology, and assessments results and resulting frequency assignment planning recommendations for the impact of DME/TACAN and JTIDS/MIDS on GPS L5/GALILEO E5.
	G. Berz
	Partly fulfilled by WG36 to NSP/2.
Closed by SWG3/WP20 rev.1

	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
	Open

	SSG24/09
	SSG members to review ICAO DOC 9718, Vol. I in order to propose updates in relation on GNSS RFI, starting from page 7-99
	SSG
	Superseded by SWG03/02

	SSG24/10
	To review ICAO DOC 9849 in order to propose updates in relation on GNSS RFI, starting from page G-33.
	SSG
	Partly fulfilled by WP36 to ICAO NSP/2.
Partly fulfilled by WP36 to ICAO NSP June 2016.
Completed by SWG03/WP20 rev.1

	
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
	Open

	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

	SWG01/03
	To check compatibility with Mobile Satellite Service in the band below 1559 MHz.
	Beidou experts
	Closed by SSG3/IP04

	SWG01/07
	To find a way to publish guidance on GNSS RFI reporting to ICAO and States based on SSG output in flimsy8, rev1 and Flimsy 9 rev. 1 of ICAO NSP, October 2014.
	ICAO secretary
	 Closed by SSG3/WP20, rev.1

	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):


	SWG02/01
	Explore, if the software-tool (MANIF) used for the simulations carried out within the SESAR 15.3.7 task 11 project was suitable to carry out compatibility calculations for cases when the compatibility between existing ILS LOC and new GBAS VDB in each-other’s coverage area is analysed (Even an assumed fictitious D/U threshold of -200 dB did not allow successful planning of a new GBAS VDB at airports with existing ILS Localizers).
	Pierre Ladoux
	 Closed

	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.
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.
Open

	SWG02/04
	To explore why for ILS current frequency planning rules do not impose frequency selection restrictions at high adjacent channel numbers, although the adjacent channel suppression contained in ICAO Annex 10 Vol. I, att. C section 2.6 does specify a limited adjacent channel suppression (D/U=-46 dB at an offset of 100 kHz, -50 dB at 150 kHz and above).
	SWG members
	Open

	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

	SWG02/06
	To explore the possibility of compatibility calculations by existing software-tools for cases, when the compatibility between two Nav-aids in each-other’s coverage area need to be analysed.
	Mike Biggs and SWG members
	Open

	SWG02/07
	To report about outcome of FAA’s query of GBAS receiver manufacturers on the performance (or expected performance) of fielded or soon-to-be-fielded equipment in regard to adjacent channel rejection (WP13 of ICAO NSP June 2016).
	Barbara Clark
	Discarded because the information is proprietary.

	SWG02/08
	To provide typical ILS and VOR field strength on the approach path to allow to realistically model the undesired signal strength into the GBAS VDB receiver (typical data from deployed systems, in particular for airports with existing GBAS).

	SWG members
	 Closed by SWG IP25, WP16. rev.1, IP22

	SWG02/09
	Provide information regarding the ILS field strength variation when overflying the ILS Localizer for the opposite approach.
	Jules Hermens and John Dyson.
	Closed by SWG IP25, WP16. rev.1

	


	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
	Open

	SWG03/02
	SWG members to provide comments on Modifications to ICAO Doc 9718, Vol. I, contained in NSP/3-WP15 to Michael.Biggs@FAA.gov, in due time before the spring meeting of ICAO FSMP WG/4 starting at 27th of March 2017.
	SWG members
	Open





ATTACHMENT B: LIST OF PARTICIPANTS OF THE SWG
	Name
	Attendance
(full-time/
part-time)
	Organisation 
	Email

	Alessandro Capretti
	P
	ICAO
	ACapretti@icao.int

	Daniel Domey
	P
	Esterline CMC Electronics, Canada
	Daniel.Domey@cmcelectronics.ca

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

	Gerhard Berz
	P
	Eurocontrol
	gerhard.berz@eurocontrol.int

	Imre Bányász
	F
	HungaroControl, Hungary
	imre.banyasz@hungarocontrol.hu

	John F. J. Dyson
	F
	NATS, United Kingdom
	John.dyson@nats.co.uk

	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

	Mike Biggs
	F
	FAA
	Michael.Biggs@FAA.gov

	Mikhail Markelov
	F
	Air Navigation
State Scientific & Research Institute, Russia 
	Markelov@atminst.ru

	Noppadol Pringvanich
	F
	IATA
	PRINGVANIN@IATA.ORG

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

	Wei Wang
	F
	ATMB CAAC, Peoples Republic of China
	wangwei_caac@sina.com

	Xiaomin Fan
	F
	AAC, Peoples Republic of China
	fanxm@nwcaac.gov.cn

	Zhipeng Wang
	F
	ADCC Peoples Republic of China
	wangzhipeng@buaa.edu.cn



E-mail Distribution List of SWG:

ACapretti@icao.int;Andreas.Lipp@eurocontrol.int; gerhard.berz@eurocontrol.int;barbara.clark@faa.gov; Bruce.Johnson@honeywell.com;tim.murphy@boeing.com;chegarty@mitre.org; Michael.Biggs@FAA.gov; Mark.Dickinson@FAA.gov; Joel.Wichgers@rockwellcollins.com; Daniel.Domey@cmcelectronics.ca; rcassell@systems-enginuity.com; Orville.Nyhus@honeywell.com; Joel.Wichgers@rockwellcollins.com; Adrian.Hiliuta@cmcelectronics.ca; Mike.Spanner@NATS.co.uk; jules.hermens@ilent.nl;Markelov@atminst.ru;aronov@geyser-telecom.ru; John.dyson@nats.co.uk;susaito@enri.go.jp;Kawazu-y2g2@mlit.go.jp
wangzhipeng@buaa.edu.cn; wangwei_caac@sina.com; lo_weng_kee@caas.gov.sg; qinzhi@atmb.net.cn; FanXiaomin@nwcaac.gov.cn; gao_shu@caas.gov.sg; Andre.SCHUETTPELZ@thalesgroup.com; Ed.Williams@AirservicesAustralia.com; christophe.dehaynain@aviation-civile.gouv.fr; pierre.ladoux@aviation-civile.gouv.fr; Laurent.AZOULAI@airbus.com; pierre.ladoux@aviation-civile.gouv.fr; PRINGVANIN@IATA.ORG; pansingh@aai.aero; imre.banyasz@hungarocontrol.hu; achim.hornbostel@dlr.de; winfried.dunkel@dfs.de; Stefan.naerlich@dfs.de
Attachment C: Flimsy 9, rev. 1, “ICAO NSP recommendations on necessary interference suppression improvement of the GBAS VDB receiver” 


Note: This paper was presented via WebEx to RTCA SC-159 WG4 at its meeting at the12th Decembers 2016.

Introduction
Several papers were presented to ICAO NSP/2 and NSP/3 which demonstrated that ILS and VOR Undesired signal sources exceed the adjacent channel suppression performance (D/U) and maximum received signal power specified by the GBAS MOPS, RTCA DO-253() in operationally relevant areas. This poses a serious problem for the derivation of frequency coordination criteria. In particular, for airports with existing ILS and VOR transmitters deployment of GBAS may not be possible with the current criteria. One paper presented to NSP/3 reported about successful deployment of 29 GBAS stations at airports with ILS Localizers without experiencing any interference problems. Moreover, test-results of GBAS VDB receivers presented to ICAO NSP indicate that interference suppression performance of some of today’s receivers are significantly exceeding what is specified in the MOPS.  One of these GBAS stations was operating without interference even with a frequency-offset as little as 650 kHz from the ILS at the same airport .Therefore a more stringent specification of the on-board GBAS VDB interference suppression performance may be possible. That would lead to more practicable frequency coordination criteria. The goal of this document is to provide RTCA basic recommendations on how to revise the GBAS VDB interference suppression specifications.


Assumptions to be taken into account
· Overflights of transmitting ILS Localizers will occur except for CAT II/III operations.
· High undesired signal levels from ILS Localizers can be expected during the roll-out phase close to the runway stop-end. This applies to Autoland and CAT II/III operations, depending on the distance between ILS LLZ and runway stop-end. Guidance only need to be provided up to ILS-point E.
· The GBAS guidance for guided take-off needs to be available until the Departure End of the runway (typically the opposite runway threshold).
· ILS localizers are located in distances between 100 m and 1200 m from runway-thresholds and runway stop-ends. At the majority of airports this distance is between 300 m and 400 m.
· For autoland and CAT-II/III operations undisturbed GBAS VDB reception during the roll-out needs to be ensured. The time period of overflight and roll-out in conditions where the D/U exceed the RTCA specification may exceed the GBAS VDB Message loss tolerable times.
· The tolerable time for GBAS VDB Message loss is specified in section 3.6.8.3.4 of the new GBAS draft SARPs (ICAO NSP/3, WP3).
· Flight inspection results conducted at a major international airport demonstrated that a Signal-in-Space Desired-to-Undesired signal ratio of -59 dB was encountered at an overflight of an ILS Localizer (NSP/3, WP16). With an assumption of 15 dB on-board horizontal antenna gain variation and 6 dB transmission line loss variation this would lead to a D/U at the GBAS VDB receiver input of -80 dB. The current -46 dB D/U threshold at the GBAS VDB receiver is exceeded for approximately 10 seconds during this scenario, assuming 60 m/sec aircraft speed.


· Flight inspection results conducted at a major international airport (ILS LLZ backset of 400 m) demonstrated that a Signal-in-Space Desired-to-Undesired signal ratio of -46 dB caused by an ILS Localizer was encountered close to the runway stop-end. With an assumption of 15 dB on-board antenna gain variation and 6 dB transmission line loss variation this would lead to a D/U at the GBAS VDB receiver input of  -67 dB (NSP/3, WP16) exceeding the RTCA specified D/U within 600 m of the runway stop-end. The current -46 dB D/U at the GBAS VDB receiver is exceeded for approximately 40 seconds during this scenario assuming an aircraft speed of 15 m/sec.
· Siting of  VOR positioned near the extended runway center-line or close to the runway (as close as 120 m for CVOR and 160 m for DVOR) are very common must therefore be accommodated. Initial simulation results predict VOR strengths as high as +5 dBm at the on-board receive antenna for VOR directly below the approach path and for VOR within a few hundred feet of the runway.  If this VOR strength is combined with minimum VDB strength of -72 dBm, this results in a signal-in-space D/U ratio of -77 dB (NSP/3, IP25).  The current -46 dB D/U at the GBAS VDB receiver is exceeded for approximately 60 seconds during this scenario assuming 1 NM of interference radius from the VOR and 60 m/sec aircraft speed, not accounting for on-board antenna gain.
· The maximum tolerable undesired signal level at the GBAS VDB receiver input, Smax shall be such to be compatible with the maximum signal powers from ILS Localizers and VOR transmitters during overflight of these Navaids. The need to take the impact of additional high power FM broadcasting signals in scenarios with high ILS LLZ and VOR signal power into account should to be further explored.
· Simulations and measurements (NSP3/WP16) indicate an undesired received signal power of up to about +10 dBm from the ILS being overflown on a 3-degree approach path with a 60 foot threshold crossing height and an ILS at 305 meters prior to the threshold.  This can possibly increase by another 1 dB or 2 dB for an aircraft up to half of full scale low path following error, and up to 5 dB more if that is combined with a large navigation sensor error (NSP/3, IP25).
· As noted above, initial simulation results predict VOR strengths as high as +5 dBm at the GBAS VDB antenna for VOR directly below the approach path and for VOR within a few hundred feet of the runway.  This is expected to occur at any airport with VOR approaches.


Conclusions

· Addressing this D/U problem will require a combination of many factors. Improving the tolerable D/U for the GBAS VDB receiver is one of those factors. The lack of reported interference to GBAS receivers, together with measurements of existing equipment, indicate that GBAS VDB equipment may be more robust to interference than specified in the MOPS; especially for large frequency separations between Desired and Undesired stations.
· Based on the above, it is the recommendation of the NSP that RTCA consider inclusion of requirements that would enable GBAS VDB receivers to tolerate the expected ‘Signal-in-Space D/U’ when the undesired signal is at or beyond 1 MHz (40 channels) from the desired signal.
· To find the appropriate value for the ‘Signal-in-Space D/U’ and the maximum undesired power to be tolerated will require further coordination between ICAO and RTCA.
· The expected outcome of this cooperation is a new specification of the maximum ‘Signal-in-Space D/U’ and maximum ‘Signal-in-Space undesired signal power’ to be tolerated by the GBAS VDB on-board receiver.
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