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Report of the report the ICAO NSP SPECTRUM WORKING,
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Summary

The attached document contains the report of the recent meeting of the ICAO NSP SPECTRUM WORKING which took place from 8th to 10th December 2015 at the ICAO Headquarters, in Montreal, Canada.

The SWG formulated the following action item that is relevant for the ICAO FSMP WG
“Action SWG01/06: SWG rapporteur to inform the rapporteur of ICAO FSMP about the need to add ITU R M.1903 to the list of reference papers in DOC9718, Page 7-106 “protection of GNSS signals from harmful interference”.





















REPORT
OF THE
ICAO NSP SPECTRUM WORKING-GROUP MEETING
8th to 10th December 2015, ICAO Headquarters, Montreal, Canada


I. Introduction

The first meeting of the ICAO NSP Spectrum Working Group (SWG) was held at ICAO Headquarters, Montreal from 8th to 10th December 2015. Mr. Felix Butsch, the rapporteur of the SWG, chaired the SWG meeting. The part of the joint meeting of the GBAS Working Group (GWG) and the SWG was chaired by Tim Murphy (rapporteur of the GWG) and Felix Butsch.

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 Sub-group:
	WP/IP No. 
	Title 
	Presented to NSP by (Presented to SWG and or GWG by)

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

	WP06,rev.1
	Validation of GBAS guidance material for compatibility with ILS and VHF communications
	Tim Murphy
(Daniel Domey)

	WP17
	Investigation of GBAS frequency protection requirements
 at third adjacent channel and beyond
	Stefan Naerlich
(Felix Butsch)

	WP10, rev.1
	Airborne characteristics to support ILS and VDB compatibility
	Tim Murphy
(Laurent Azoulai)

	Flimsy 5 Rev.1
	Siting criteria for GBAS VDB transmitters based on field strength considerations
	Stefan Naerlich
(Stefan Naerlich)

	WP08
	Initial results of GBAS VDB frequency planning exercise conducted by SESAR 15.03.07 project
	F. Salabert
(Andreas Lipp)

	WP12
	VDB field strength variations in the context of multiple VDB stations
	Stefan Naerlich
(Winfried Dunkel)

	

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

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

	

	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

	WP03
	Liaison with EUROCAE and RTCA on GNSS receiver protection
	ICAO secretary
and Chris Hegarty for RTCA SC-159

	IP23
	Update on FAA GNSS Interference Mitigation Activities
	Ken Alexander
(Chris Hegarty)

	IP36
	GNSS RFI Workshop Aachen/Germany
	(Jules Hermens)

	IP09
	BDS B1I Anti-Interference Test Progress
	Qin Zhi
(Wang Zhi Peng)

	WP20
	Draft BDS OS B1I SARPs Part A, Part B and Part C

	Qin Zhi
(Wang Zhi Peng)

	WP36
	GNSS Interference Mitigation Plan
	F. Salabert
(G. Berz)

	WP30
	Spectrum Protection of ABAS Receivers
	F. Salabert
(G. Berz)

	
	<Review of Jobcard on GNSS RF Interference>
	

	

	Agenda Item 6e): Open actions for SSG from the ICAO NSP Working Group 1 meetings


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

	

	Agenda Item 6f): Spectrum – any other business

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

	
	
<Review of  action items>
	



II. Results of the Discussions

Agenda Item 6a): Signal and compatibility issues in the in the band 108 to 117.975 MHz
6a1) The papers dealing with GBAS VDB related topics under this agenda item were discussed by a joint session of the GBAS Working Group and the Spectrum Working Group. Some of the participants attended the meeting via teleconference (WebEx). This report covers the discussions of the joint GWG/SWG meeting. Some of the papers were already discussed during the first week of NSP/2 by the GWG. The discussion by the GWG-only meeting is covered by the meeting report of the GWG.

6a2) The joint GWG/SWG meeting agreed that GBAS VDB frequency coordination issues should be further discussed by teleconferences of interested experts of the GBAS Working Group, the Spectrum Working Group and RTCA SC159 WG4 during 2016. The 4th of February 2016 was chosen for the date of the first of these meetings.

WP06, rev.1 “Validation of GBAS guidance material for compatibility with ILS and VHF communications”
6a3) This paper reminded the group that section 3.5 of WP 7 from the April 2015 meeting of ICAO NSP/1 and the validation matrix in its Attachment B reported that the validation activity for two of the SARPs changes (D.7.2.3 and D.7.2.4) associated with compatibility of GBAS VDB with ILS and VHF communications remained open. 

6a4) During various joint teleconferences with GWG and RTCA SC159 WG4 between NSP/1 and NSP/2 (May to November 2015) it became obvious that detailed frequency coordination criteria GBAS VDB and ILS as well as between GBAS VDB and VHF could not be finalized shortly. Therefore the SWG proposed updates to the temporary guidance on frequency separation between GBAS VDB and ILS in section D.7.2.3 as well as between GBAS VDB and VHF com in section D.7.2.4 which is meant to be used until compatibility criteria for these cases are fully developed.

6a5)The change proposal to section D.7.2.3.1 Inter-airport compatibility makes the necessary adjustments in the context of the reduction of the minimum separation distance from a GBAS VDB transmitter from 200 m to 80 m and provides additional clarifications. The change proposal to section D.7.2.3.2 Same-airport compatibility improves the interim guidance of geographical separation.

6a6) The minimum geographical separation for “Inter-airport compatibility”  based on a minimum frequency separation of 75 kHz between ILS localizer and GBAS ground station deployed at different airports is 3 NM between the undesired transmitter antenna location and the edges of the coverage of the desired service that are assumed to be at minimum signal power. Smaller necessary separation distance values may be obtained by taking into account additional information such as the actual desired service field strength and actual undesired transmit antenna radiation patterns. To analyze the constraints for the deployment of a GBAS ground station at the same airport as an ILS localizer (“same airport compatibility”), it is stated that its necessary to consider ILS and VDB compatibility in detail taking into account information such as the actual desired service field strength and actual undesired transmit antenna radiation patterns.

6a7) To derive the compatibility criteria to update section D. 7.2.3 the interference effects due to the undesired transmitter and the desired receiver are investigated separately. For all interference effects, a necessary D/U was derived and a geographical separation was calculated on the basis of the necessary D/U and free-space-propagation assumption. The necessary D/U was derived at 75 kHz frequency separation (third adjacent GBAS-VDB, one-and-a-half adjacent channel for ILS-LOC), because this is the closest adjacent channel with the lowest D/U criteria based on GBAS receiver specifications, which will be identified in the following as the critical parameter. 
In particular the following scenarios have been analysed:
· Impact on GBAS VDB reception due to the spurious emission of Localizer transmitter. 
· Impact on GBAS VDB reception due to the ILS adjacent channel rejection of GBAS-VDB receiver.
· Impact on ILS-LOC reception due to the spurious emission of GBAS-VDB transmitter.
· Impact on ILS-LOC reception due to the response rejection of Localizer receiver.

6a8) The conclusion was that a horizontal distance of more than 2.2 NM to the GBAS- coverage-edge and 2.3 NM to the LOC-coverage-edge is necessary. Since the distance cannot be further reduced by increasing the frequency separation (see specification of GBAS-VDB receiver in the MOPS RTCA DO-253C), the geographical separation accounts for all frequency offsets 75 kHz and beyond. For the sake of simplicity, the necessary separation distance to the coverage edges was rounded up to 3 NM for both desired coverage edges in the proposed update of section D.7.2.3. The change proposal to section D.7.2.4 makes the necessary adjustments in the context of the reduction of the minimum separation distance from a GBAS VDB transmitter from 200 m to 80 m and provides additional clarifications.

6a9) In the discussion of WP06 by the joint GWG/SWG meeting the proposed changes to sections D.7.2.3. and D.7.2.4 were adopted with small editorial changes which are contained in revision 1 of WP06. It was pointed out by participants of the meeting that the Validation Working Group did already support the change proposals in the original WP6. The joint GWG/SWG agreed that the editorial changes were only minor therefore no addition consideration by the Validation Working Group was necessary.


WP17, “Investigation of GBAS frequency protection requirements at third adjacent channel and beyond”
6a10) The meeting noted from the presentation of WP17 that at the previous ICAO NSP meeting in April 2015 it was pointed out by members of the Spectrum Sub-group that any GBAS VDB frequency coordination criteria to be standardised by ICAO should be consistent with adjacent channel signal rejection criteria requirements specified in the applicable version of the “Minimum Operational Performance Standards for GPS Local Area Augmentation System Airborne Equipment” RTCA DO-253 (GBAS MOPS). 
6a11) This paper analyses several frequency compatibility scenarios in order to illustrate the impact of various input parameters contained aforementioned RTCA MOPS (i.e. On-board Antenna Gain Variation, AGVF and Transmission Line loss Variation Factor, TLVF). This analysis indicates that today’s adjacent channel rejection requirements in the GBAS draft MOPS, RTCA DO253D section 2.2.8.3 that for “3rd Adjacent 25 kHz Channels (±75 kHz) and Beyond” a Desired-to-Undesired signal ratio D/U=-46 dB is required when the undesired signal is a GBAS, ILS or VOR leads to separation distances that are not practical. This is also illustrated with examples of airports near Paris where GBAS VDB  may only be deployed with approx. 10 dB more stringent adjacent channel rejection requirement (-56 dB in lieu of -46 dB).

6a12) During the discussion of WP17 it was pointed out by a member of the SWG that the  D/U for ILS versus ILS frequency planning currently in Annex 10 Attachment C section 2.6.2.1 is -46 dB at 100 kHz offset and -50 dB at 150 kHz offset (only 4 dB more and not 10 dB as envisaged above for GBAS VDB). It was suggested that an analysis of ILS compatibility of airports near Paris would be helpful in deciding on criteria for GBAS VDB D/U.

Action Item SWG01/01: Pierre Ladoux to check compatibility between ILS Localizers at CDG airport and Le Bourget airport.

6a13) In the discussion of WP17 it emphasized by members of the meeting that an onboard antenna gain variation of 15 dB needs to be considered for the analysis of the compatibility scenario when ILS is the interferer and GBAS VDB is the victim (see paragraph 6a16 below). However the meeting deemed that it would worthwhile for RTCA to explore a potential change of the specifications of the adjacent channel rejection beyond 3rd adjacent channel and the Transmission Line Loss Variation (e.g.  by taking into account a frequency dependency of both parameters). 

6a14) Therefore the meeting agreed that ICAO NSP should invite RTCA SC-159 WG4 to support exploring alternatives  which lead to more practicable GBAS frequency coordination criteria, including for example, changes to the VDB requirements for “adjacent channel signal rejection beyond the 3rd channel” and allowable “Transmission Line Loss variation”. Members of RTCA SC 159 WG4 participating the meeting pointed out that these potential changes are still in the work program of WG4.


WP10 rev.1, “Airborne characteristics to support ILS and VDB compatibility”
6a15) This paper presents the results of the actions assigned to Airbus during a joint teleconference (WebEx) of experts from ICAO NSP CSG/SSG and RTCA SC-159 WG4 on GBAS at 14th of April 2015 and are contained in the report of that meeting (also contained in Flimsy 27, rev.3 of ICAO NSP/1):
· Action #03: To check the minimum distance between an ILS Localizer and an aircraft on a GBAS approach to derive the required D/U to protect GBAS against ILS interference: => The Shortest distances between ground and airborne ILS LOC antennas are 31 m in approach, 68 m during departure, 265 m on the ground.
· Action #04: Check the minimum distance between a GBAS VDB transmitter and an aircraft on an ILS approach to derive the required D/U to protect ILS against GBAS VDB interference. => The Shortest distance identified in real GBAS installations, between VDB ground antenna and VDB airborne antenna with the aircraft on the runway is 211 m and with aircraft in flight is 112 m.
· Action #17: To carry out analyses of GBAS approach trajectories to find out GBAS on-board antenna gain variation with regard to GBAS transmit antenna and with regard to ILS localizer ground antenna for typical airport scenarios. The objective of this action is to find out the largest difference between the GBAS on-board antenna gain towards GBAS VDB transmit antenna and ILS Localizer ground antenna as well as worst-case range difference. => The result is that it is not reasonable to take advantage of the antenna gain variation, which is not homogeneous over pitch and not significant for roll and azimuth.
· Action #18: To explore the use of the ILS MORSE Code during approach: => ILS Morse code utilization cannot be ruled out during approach, and its loss at low altitude  could cause an undue go-around.

6a16) In the discussion of WP10 the group agreed that with regard to the application of the onboard antenna gain variation for frequency compatibility analysis the following distinction should be made:
· ILS interferer, GBAS VDB victim: Apply an on-board antenna gain variation value of 15 dB, since in the worst case an undesired ILS signal may be received with a 15 dB higher gain than the desired VDB signal.
· GBAS VDB interferer, ILS receiver victim: Do not apply an on-board antenna gain variation value (i.e. use 0 dB), since the desired ILS signal will always be received with equal or higher gain  than the undesired VDB signal.


Flimsy 5, rev. 1: Siting criteria for GBAS VDB transmitters based on field strength considerations
6a17) Flimsy 5 informs about assumptions about ILS flight operations which support the assessment of geometrical separation between GBAS VDB transmitters and aircraft VHF receivers for LOC and VOR. This shall provide guidance for the task to determine the required D/U ratio for ILS desired to GBAS undesired and to derive siting criteria for VDB transmit antennas.

6a18) This paper also informs that GWG had opened an action to develop guidance material regarding VDB siting requirements and assumptions regarding airplane position during normal operations (GWG action #197) and the SWG was asked to provide support to this activity in preparation of the next GWG meeting in May 2016.
WP08, “Initial results of GBAS VDB frequency planning exercise conducted by SESAR 15.03.07 project”
6a20) The group learned from the presentation of WP08, that Task 011 of SESAR 15.03.07 project (Multi-GNSS GBAS CAT-III) is conducting a GBAS VDB planning exercise to assess the impact of new GBAS concepts on the VHF spectrum use. The main objective of the task is to revise the GBAS VDB capacity study conducted at ICAO NSP in 2000 and assess the VDB frequency availability in Europe given the following considerations: 
· VDB message changes relative to GBAS Multi-Constellation (MC) /Multi-Frequency (MF) 
· VOR/ILS operating in the same frequency band
· VHF/COM (AM voice) 
· FM radio broadcast 
· VDL-4 implementation (Common-Signal-Channelling in NAV band)
· Reduction of VOR/ILS ground infrastructure (rationalization)

6a21) The necessary changes have been implemented in 2 steps:
· EUROCONTROL GBAS Spectrum Management tools Initial Operating Capability IOC (September 2014), covering GBAS specific compatibility criteria and in-band criteria for compatibility with ILS LOC and VOR.
· EUROCONTROL GBAS Spectrum Management tools Final Operating Capability FOC (September 2015), which is intended to cover out-of-band compatibility: AM-voice, VDL-4. I also covers FM broadcast using European FM stations data extracted from December 2014 ITU BR-IFIC database (includes directional and non-directional FM stations).

6a22) The GBAS VDB planning exercise is executed in 2 phases:
· 1st run: Using EUROCONTROL Spectrum Management tools IOC; already conducted in October 2014; 5 scenarios were addressed.
· 2nd run: Using EUROCONTROL Spectrum Management tools FOC; conducted between October 2015 and February 2016; 29 scenarios are planned to be covered. 

6a23)Initial results obtained in the 2nd run scenarios show that it is not always possible to find a free frequency for the 916 GBAS stations considered in the study. In many cases the limitations are due to FM broadcast stations at the lower border of the GBAS coverage area – small modifications in coverage due to simplification of terrain and signal power distribution in the simulation could change the results. Unavailability of a frequency in the above results should not be interpreted that GBAS placement is impossible, but that more detailed studies are required to validate a frequency. A reduction of the spectrum availability is observed as the scenario constraints are increased. It can be also noted that the use of SESAR compatibility criteria in scenario 2.27 leads to smaller success rate and frequencies available than with the use of ICAO EUR DOC 011 criteria (scenario 2.28).  The exclusion band around the VDL4 CSC on 113.250 MHz (scenario 2.29) causes a slight reduction of available frequencies. However, the scenarios considering VOR/ILS infrastructure rationalization are expected to improve the situation as they should bring higher success rate. The results for all the remaining scenarios are planned to be presented at next NSP meeting.

6a24) In the discussion of WP08 the question was asked why the new results were much better than the results in 2000. It was explained that in the meantime the European ICAO list of navigation frequency assignments had been cleaned up to remove non-operational listings. Another reason was only two time slots were assumed for CAT-I GBAS stations compared to four slots in 2000. The group also asked to simulate a scenario with existing adjacent channel requirements contained in RTCA Do-253 C (e.g. -46 dB beyond 3rd adjacent channel). In case this leads to a significant reduction of assignable frequency the impact of an increased VDB receiver robustness (e.g. -56 dB beyond 3rd adjacent channel) should be investigated.

WP12,	“VDB field strength variations in the context of multiple VDB stations”

6a25) WP12 mentions that in order to take advantage of the GBAS benefits at complex airports, especially for CAT III and autoland, it will be necessary to have the possibility to transmit the VDB signal from multiple antenna systems at different locations on the airport. Such a multiple VDB installation could help to improve the robustness of the VDB because a limitation (e.g. temporary object, reflection) in one signal path will not result in significant message losses. The paper presents the findings of tests with a dual VDB installation at Frankfurt airport based on the concept described in Guidance Material, 7.12.4 contained in the SARPs Attachment D.

6a26) At Frankfurt airport it turned out that a single approach will have to rely on signals from different transmit antenna systems in different phases of the approach. The multiple VDB concept is realized by utilizing the TDMA scheme of the VDB link, allowing each of the transmitters a set of time slots. In order to be able to receive Type 2 message in all areas of the coverage volume, all transmitter stations should transmit the Type 2 message. Since all instances of the Type 2 message shall be transmitted in the first slot in use by the particular ground station, the Type 2 message needs to alternate between the transmitters. It is unavoidable, under the multiple VDB concept, that the airborne receiver will be exposed to signals in the same slot in subsequent frames coming from different transmitter stations. Knowing that the purpose of the multiple VDB concept is to fill coverage holes, it is necessary to allow that the power level from the two stations in a given area varies significantly. 

6a27) In the paper it is pointed out that SARPS section 3.6.8.2.2.3 imposes among other things that the variation in the average received signal power between successive bursts in a given time slot does not exceed 40 dB. With an assumed maximum on-board antenna gain variation of 15 dB this leads to a restriction of the field strength variation between successive bursts of 25 dB. The experience from the test at Frankfurt airport showed that this requirement is hard to comply with, although the impact violations of this requirement on the Message Failure Rate seems to be very limited. The SWG recommended to further analyse the impact on the Message Failure Rate.

6a28) In this context the paper recommends that ICAO NSP considers whether additional guidance should be proposed to SARPs, to define criteria for approval of GBAS ground station installations for which the field strength in some slots/from one or more transmitters, does not meet the requirements in limited areas. This guidance could typically cover criteria for accepting reduced reception rate for Message Type 2 and Message Type 4 in various operational areas (e.g. departure, Initial phases of the procedure, and other potential areas of concern). 

6a29) Furthermore a requirement regarding receiver behaviour when the receiver is exposed to an input signal below the dynamic range in the ICAO SARPs appendix B 3.6.8.2.2.3 may need to be updated depending on the outcome of the discussion in RTCA about a necessary revision of section 2.2.5 of RTCA DO-253. Another solution to the problem could be to slightly modify the authentication scheme to avoid alternation between frames altogether.

6a30) In the discussion of WP12 it was noted by members of the group that the GBAS SARPs and MOPS requirements were originally developed assuming that VDB antenna diversity would not be used within the same time slot.  It is anticipated that modifying the SARPs and MOPS standards to define the requirements, guidance material, and any associated test procedures associated with enabling antenna diversity within the same time slot could become very complicated.  It was recommended that the authentication protocol relevant to the Type 2 message being transmitted only in the first slot in use by the particular ground station should be re-evaluated in the context of antenna diversity, rather than revising the GBAS SARPs and MOPS to enable use of VDB broadcasts from diverse antennas within the same timeslot.




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

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


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

WP03,	“Liaison with EUROCAE and RTCA on GNSS receiver protection”
6d1) WP03 reminded the group, that the November 2013 meeting of the ICAO NSP Working Group of the Whole (WGW/14) considered WP13, SESAR 15.3.4 “GNSS Repeater Study Results”, which provided the results of a study conducted in Germany to investigate the response of GPS receivers on board aircraft to GNSS-repeater signals. In response to the discussion of that paper WGW/14 formed a general consensus that including provisions in the standards for next generation aviation grade receivers limiting the effects and providing a detection an alerting capability would be desirable. Therefore the NSP secretary was given the action sending liaison statements to EUROCAE and RTCA on this issue which was drafted by WGW/14. WP03 contains the official liaison statements sent to EUROCAE and RTCA, as well as the responses by chairmen of RTCA SC-159 (appendix A of WP03) and EUROCAE WG62 (appendix B of WP03).
6d2) The response from EUROCAE WG62 can be summarized as follows:
Trying to standardize improved capabilities for the resistance to interferences is a very difficult task since the threat needs to be characterized (signal definition, power etc.) to establish the framework of the tests to be standardized. There are multiple techniques to resist interferences but most of them (if not all) have been developed under individual countries’ government contracts and are or will be submitted to export control restrictions. It will be therefore very difficult if not impossible to standardize them in an open document. The idea of defining a minimum detection capability in a future GNSS equipment standard seems more feasible, and needs to be further investigated. EUROCAE WG62 is ready to collaborate with ICAO/NSP on the detection capability.

6d3) The summary of the response by RTCA SC-159 is as follows:
RTCA SC-159 is in agreement that repeaters, pseudolites, and jammers could, under certain conditions, have harmful effects on civil aviation GNSS applications and that RTCA SC-159 should consider the possibility of including improved capabilities to mitigate these threats. The recently updated Terms of Reference for SC-159 in its Item 5 within "Specific Guidance" directs SC-159 to "address, to the extent practicable, the threats of intentional interference and spoofing" in the development of future standards. RTCA SC-159 look forward to continuing the close with ICAO NSP on all GNSS-related topics.
6d4) Chris Hegarty, co-chairman of RTCA SC-159 while attending the SWG meeting explained in more detail that WG2 of RTCA SC-159 will address the threats of intentional interference and spoofing to GNSS receivers to the extent practicable in its new performance standards for the GNSS dual frequency (L1/L5) multi constellation MOPS (target date 2019 to 2022). WG6 of RTCA SC-159 plans also to address these issues when drafting updated of RTCA DO-235 and RTCA DO-292 (target date December 2017). RTCA SC-159WG2 is jointly working with EUROCAE WG62 and are considering developing a joint RTCA/EUROCAE MOPS for the dual-frequency multi-constellation GNSS-receiver. The work of WG2 will start in March 2016. Therefore an update on RTCA efforts can be expected by the November 2016 meeting of ICAO NSP. 


Action SWG01/02: RTCA representative to ICAO NSP to report about progress on standardisation of increase robustness and warning capabilities against GNSS RFI and spoofing. 

6d5) In the frame of the discussion the RTCA SC-159 co-chairman pointed out that section 2.1.1.12 of RTCA DO-229D change 1 contains a requirement that “interference shall not cause an erroneous position output”. However a mitigation against spoofing is not ensured by this requirement and cannot be achieved by a receiver Autonomous Integrity Monitoring (RAIM) algorithm. Furthermore he mentioned that increase GNSS interference and spoofing robustness performance can be standardised although some technologies to be applied to achieve such a performance are patented or export restricted. 


IP23,	“Update on FAA GNSS Interference Mitigation Activities”

6d6) This information paper provides a short summary of two FAA activities related to Global Navigation Satellite System (GNSS) interference:
In the frame of the U.S. DOT’s GPS Adjacent-band Compatibility (ABC) Assessment a GPS Adjacent-band Compatibility Assessment Plan identifies the processes to derive power limit criteria to ensure new adjacent-band applications do not disrupt current GPS services and determine similar levels needed for future GPS equipment using modernized and interoperable GNSS signals. Moreover the, DOT published a Draft Test Plan to Obtain Interference Tolerance Masks for GNSS Receivers in the L1 Radiofrequency Band (1559-1610 MHz) with the objective to collect data to determine Interference Tolerance Masks (ITM) for some categories of GPS and GNSS receivers processing signals in the 1559-1610 MHz Radionavigation Satellite Service (RNSS) frequency band, as well as receivers that process Mobile Satellite Service (MSS) signals to receive differential corrections.  Additional details on both the GPS Adjacent-band Compatibility Assessment Plan and Draft Test Plan may be found at: www.gps.gov/spectrum/ABC.

6d7) The FAA is participating in the Adjacent-band Compatibility Assessment and together with DOT developed the approach for protecting GNSS avionics within the following two categories.
· For certified GNSS avionics, the Adjacent-band Compatibility Assessment will use the established interference masks in the ICAO Annex 10 Standards and Recommended Practices (SARPs) in lieu of measuring  ITM for this category of receivers.  
· For non-certified GNSS avionics, the Adjacent-band Compatibility Assessment will measure the ITM for a representative set of equipment through the testing described in the Draft Test Plan.


6d8) The FAA Navigation Programs and Aircraft Certification offices established the GNSS Intentional Interference and Spoofing Study Team (GIISST) in order to examine the threats of intentional interference and spoofing to civil aviation applications of GNSS and to develop specific, actionable recommendations.  IP23 provides a summary of findings and recommendations of the GIISST related to aircraft and avionics requirements. In this context FAA requested industry to increase the resiliency of new avionics and aircraft integrations to jamming and spoofing to complement existing technical and operational mitigations, to the extent practicable.  

IP36, “GNSS RFI Workshop Aachen/Germany”
6d9) This information paper presents a collection of presentations which were performed at the GNSS RFI Workshop in Aachen/Germany in September 2015. The workshop was held in the frame of a European Programme for Critical Infrastructure Protection (EPCIP) sponsored by the European Commission. Various technologies for GNSS RFI detection and mitigation had been presented.



IP09, “BDS B1I Anti-Interference Test Progress”
6d10) This paper gives an overview about the pseudo range track error test with the BDS B1I signal under a particular electromagnetic interference environment. The present status of B1I anti-interference performance testing and some preliminary test results are also presented.

WP20, “Draft BDS OS B1I SARPs Part A, Part B and Part C”
6d11) This paper includes the draft of BDS OS B1I SARPs Part A, Part B and Part C. The focus of this paper is on the revision of Draft BDS OS B1I SARPs Part A, Part B and Part C. The SWG reviewed in particular proposed changes to ICAO Annex 10, Vol. I Appendix B, section 3.7 “Resistance to Interference” where new specifications for the BDS B1I signal are proposed.

6d12) In the discussion a concern was raised that the BDS B1I signal spectrum is centred about the frequency 1561.098 MHz. This means that its spectrum as well as the receiver pass-band extend well below (approx. 10 MHz) the lower edge of the RNSS band at 1559 into the Mobile Satellite Service Band. The group agreed that particular attention shall be given to ensure that the “resistance to broadband noise” (AWGN) specification provides sufficient robustness against interference from  Mobile Satellite Service Down-Links (e.g. INMARSAT, MTSAT). It was explained that the BDS OS B1I specification is still preliminary. Further work on this material is planned and an update will be presented at future NSP meetings.

Action SWG01/03: Beidou experts to check compatibility with Mobile Satellite Service in the band below 1559 MHz.


WP36,	“GNSS Interference Mitigation Plan”
6d13) In the introduction part of WP36 it is explained that earlier versions of the GNSS RFI Mitigation Plan was presented to NSP through May 2014 WP45 and NSP/1 WP/36, the latter including an update based on further work. NSP/1 deemed its inclusion into the GNSS Manual in an appendix useful, as a response to the corresponding job card. However the Spectrum Subgroup in the frame of NSP/1 asked to revise it editorially to make it suitable to fit into the GNSS Manual Doc 9849 (action SSG24/07). This paper presents the latest and final update of the Mitigation Plan, taking the discussion at NSP/1 into account.  Appendix A of WP36 contains a GNSS Manual Update Proposal to incorporate the GNSS RFI Mitigation Plan.

6d14) The SWG appreciated the increased maturity of the material contained in WP36. Nevertheless it was decided to postpone the adoption of the material until next ICAO NSP meeting in June 2016 in order to allow a detailed review. This will be carried out in the frame of a dedicated correspondence group chaired by the SWG rapporteur.

Action SWG 01/04: SWG members to review NSP/2 WP36 containing the GNSS RFI Mitigation Plan to allow for its adoption at the NSP in June 2016.







WP30,	“Spectrum Protection of ABAS Receivers”
6d15) In WP30 it is explained that recognition of aviation GNSS receivers operating as a safety service is given in ITU-R M.1903. Compatibility thresholds are defined therein for specific aviation receivers including GBAS and SBAS. This recognition comes by virtue of there being associated standards in Annex 10. However, ABAS receivers, which support the large majority of GNSS-based operations in aviation, are not mentioned. To ensure better spectrum protection, this paper proposes to more formally recognize ABAS receivers in the SARPs.

6d16) In the discussion of WP30 the SWG agreed that an ABAS receiver is a subset of a GNSS receiver. Therefore the existing protection requirements for GNSS receivers apply as given in the system-specific interference masks (GPS and GLONASS).  To state this clearly a new note should be inserted into section 3.7.3.3.1 (Performance of ABAS) reading: “It is assumed that a GNSS receiver used for the ABAS function is complying with the specific interference mask in Appendix B, section 3.7 “resistance to interference”.

Action SWG01/05: G. Berz to make a change proposal to NSP June 2016 for a new note behind section 3.7.3.3.1 on expected RFI resistance of ABAS.

6d17) Irrespective from that the group deemed it to be useful to include ITU R M.1903 into the list of reference papers in ICAO DOC 9718, Page 7-106 “protection of GNSS signals from harmful interference”.

Action SWG01/06: SWG rapporteur to inform the rapporteur of ICAO FSMP about the need to add ITU R M.1903 to the list of reference papers in DOC9718, Page 7-106 “protection of GNSS signals from harmful interference”.


<Review of Jobcard on GNSS RFI Interference>
The SWG reviewed the Jobcard on GNSS RF interference and agreed to leave it unchanged.


Agenda Item 6e): Open actions for SSG from the ICAO NSP Working Group 1 meetings
Note: No papers were presented and no discussion took place under this agenda item.


Agenda Item 6f): Spectrum – any other business

<Review of action items>

6f1) The list of existing action items has been reviewed and updated. The following action items were created in the frame of reviewing the list of existing action items:
Action SWG01/07: ICAO Secretary 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.
Action SWG01/08: SWG members 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.
 


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 Working Group meeting (31 May – 10 June 2016). 





ATTACHMENT A: ACTION ITEM LIST

	Action number
	Action

	Actionees
	Status

	
Actions from the Montreal meeting October 2005 (SSG8):


	SSG8/2
	Present results of FMG on improved coordination criteria for conventional navigation aids to SSG.
	 SSG members
	Discarded at SWG/1



	
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

	
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):


	SSG20/02
	To bring future GBAS VDB related change proposals by RTCA SC-159 WG4 to the attention of SSG.
	Bruce Johnson
	Ongoing, partly fulfilled, by contributions to the Feb. 2015 meeting of ICAO NSP CSG at Ishigaki. Discarded at SWG/1

	SSG20/03
	To bring the issues regarding existing geographic separation criteria for GBAS VDB recognized by RTCA SC-159 WG 4 to the attention of SSG.
	Bruce Johnson
	Fulfilled by WP6 to SWG/1

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

	
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
	Open

	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
Open

	







	Actions from the Montreal meeting May 2014 (SSG22):

	SSG22/02
	To draft guidance on GNSS RFI reporting to ICAO.
	Felix Butsch
	Closed flimsy8, rev1 and Flimsy 9 rev. 1 of ICAO NSP, October 2014

	SSG22/03
	To revise GNSS RFI Mitigation Plan to be suitable to be included into the GNSS Manual.
	G. Berz
	Closed by SSG24/WP36

	SSG22/04
	To contribute to the correspondence group dealing with review of frequency assignment planning criteria for VHF/UHF NAV systems established under ICAO ACP WG-F 
	SSG members
	Discarded at SWG/1

	
Actions from the Montreal meeting October 2014 (SSG23):


	SSG23/01
	To start derivation of proposed separation criteria for GBAS VDB versus VHF COM as well as GBAS VDB versus ILS based on WP9 of the May 2012 meeting.
	SSG
	Partly fulfilled by IP02 and WP04 of ICAO NSP April 2015,
Discarded at SWG/1.

	SSG23/02
	To present further results on GBAS VDB versus VHF COM based on more detailed analysis of the impact of GBAS slot utilization and message length.
	Felix Butsch
	Partly fulfilled by IP02 and WP04 of ICAO NSP April 2015.
Discarded at SWG/1.

	Actions from the Montreal meeting April 2015 (SSG24):

	SSG24/01
	To check whether text on frequency coordination criteria for GBAS versus ILS and GBAS versus VHF COM contained in today’s ICAO Annex 10, Vol. I, Appendix D section 7.2.3 and 7.2.4 proposed for deletion by WP04 needs to be kept, since it provides still valuable information.  
	Bruce Johnson, Orville Nyhus, Daniel Domey
	Fulfilled by WP6 to NSP/2

	SSG24/02
	To insert into ICAO Annex 10, Vol. I, Appendix D section 7.2.1.1.1 the information where in Annex 10 the information on fieldstrength and EIRP of ILS LLZ and VHF COM can be found.
	Felix Butsch
	Discarded at SWG/1.


	SSG24/03
	To harmonize text for GBAS SARPs changes prepared by CSG and SSG according to flimsy 27.
	Felix Butsch
Daniel Domey 
	Closed at SWG/1.May be revisited when final coordination criteria are prepared.

	SSG24/04
	To check the impact of the GBAS positioning service addressed in section 7.2.1.5 of ICAO Annex 10, Vol. I, Appendix D (Similar analysis on impact of extended service volume, ESV of GBAS may be needed.)
	Pierre Ladoux, Joachim Wollweber
	Superseded by new action item at SWG/1

	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
	Ongoing.
Partly fulfilled by WG36 to NSP/2.

	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
	Open

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

	
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 increase 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
	Open

	SWG01/04
	SWG members to review NSP/2 WP36 containing the GNSS RFI Mitigation Plan to allow for its adoption at the NSP in June 2016.
	SWG members
	Open

	SWG01/05
	To make a change proposal to NSP June 2016 for a new note behind section 3.7.3.3.1 on expected RFI resistance of ABAS.
	G. Berz
	Open

	SWG01/06
	To inform the rapporteur of ICAO FSMP about the need to add ITU-R M.1903 to the list of reference papers in DOC9718, Page 7-106 “protection of GNSS signals from harmful interference”
	SWG rapporteur
	Open

	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
	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






ATTACHMENT B: LIST OF PARTICIPANTS OF THE SWG and JOINT GWG/SWG

	Name
	Attendance
(full-time/
part-time)
	Organisation 
	Email

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

	Mike Biggs
	F
	FAA
	Michael.Biggs@FAA.gov

	Gerhard Berz
	P
	Eurocontrol
	gerhard.berz@eurocontrol.int

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

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

	Dmitry A. Aronov
	F
	Geyser Telecom, Russia
	aronov@geyser-telecom.ru

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

	Winfried Dunkel
	P
	DFS, Germany
	winfried.dunkel@dfs.de

	Stefan Naerlich
	P
	DFS, Germany
	Stefan.naerlich@dfs.de

	Tim Murphy
	p
	Boeing, USA
	tim.murphy@boeing.com

	Andreas Lipp
	P
	EUROCONTROL
	Andreas.Lipp@eurocontrol.int

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

	Bruce Johnson
	P
	Honeywell, USA
	Bruce.Johnson@honeywell.com

	Rick Casell
	P
	Systems Enginuity, USA
	rcassell@systems-enginuity.com

	Mike Spanner
	P
	NATS, UK
	Mike.Spanner@NATS.co.uk

	Jules Hermens
	P
	Netherlands Civil Aviation Authority
	jules.hermens@lent.nl


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

	Chris Hegarty
	P
	MITRE, USA
	chegarty@mitre.org

	Wang ZhiPeng
	P
	Beihang University, China
	wangzhipeng@buaa.edu.cn

	
	
	
	

	Qin Zhi
	P
	Air Traffic Management Bureau, CAAC, China 

	qinzhi@atmb.net.cn

	Fan Xiaomin
	P
	CAAC, China
	FanXiaomin@nwcaac.gov.cn

	Yasuhiko Kawazu
	P
	JCAB, Japan
	Kawazu-y2g2@mlit.go.jp

	Gao Shu	
	P
	CAA, Singapore
	gao_shu@caas.gov.sg

	Via Teleconference:

	Orville Nyhus
	P
	Honeywell
	Orville.Nyhus@honeywell.com

	Joel Wichgers
	P
	Rockwell Collins
	Joel.Wichgers@rockwellcollins.com

	Andre Schüttpelz
	P
	Thales, Germany
	Andre.SCHUETTPELZ@thalesgroup.com

	Adrian Hiliuta
	P
	Easterline CMC Electronica, Canada
	Adrian.Hiliuta@cmcelectronics.ca
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