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	11 	FSMP WG/9-Flimsy/x

FREQUENCY SPECTRUM MANAGEMENT PANEL (FSMP)

Ninth Working Group meeting

[bookmark: agenda_item]Montreal, Canada, 22 -30 August 2019

 (Presented by Radek Zakrzewski)


FLIMSY 08 – WAIC DRAFTING GROUP REPORT

This flimsy is related to Agenda Item 3. 

OBJECTIVE

[bookmark: _GoBack]The discussion on WAIC SARPs on Thursday 22 August identified several open issues on which there was yet no full agreement.  WP02 presented the updated draft of SARPs as agreed on by the WAIC Correspondence Group. WP01 and IP01 from the Panel member nominated by France asked the meeting to consider two particular issues related to draft SARPs. The WAIC Correspondence Group was asked by the meeting Chair to work off-line to resolve those issues. 

This Flimsy presents a summary of subsequent discussions and asks the meeting to make decisions regarding draft SARPs. What follows is a brief description of each previously identified issue followed by discussion analysis and a summary of the current status.

UNWANTED EMISSIONS MASK

Pre-meeting background

The Correspondence Group was tasked by FSMP-WG/8 to resolve the unwanted emissions mask issue and to provide a consensus proposal for the requirement xx.4.3. As presented in WP02, this task was successfully achieved, and a consensus wording was agreed on. 

Independently of the Correspondence Group, the Panel member nominated by France contributed IP01 that raised an issue whether the out-of-band domain for WAIC should be fully included within the allocated frequency band 4200-4400 MHz. There was no request for a meeting action in IP01. 

Discussions during the meeting

During the meeting, the Panel member nominated by France has positively confirmed that he will not oppose the currently proposed wording of requirement xx.4.3. The issue is resolved.

Current status

The wording of xx.4.3 as proposed in WP02 remains the consensus position. 
REGULATORY BASIS FOR WAIC POWER LIMIT:

Pre-meeting background

The draft SARPs presented in WP02 includes WAIC transmit power limit specified as 4mW/MHz (or equivalently 6dBm/MHz) e.i.r.p. spectral density limit for a single WAIC-equipped aircraft. Several relevant observations about this particular value: 

· The 6dBm/MHz value is directly based on Rec. ITU-R M.2085
· Resolution 424 (WRC-15) specifically refers to Rec. ITU-R M.2085 as the basis for future SARPS. Thus, Rec. ITU-R M.2085 is now incorporated by reference in RRs. 
· RTCA SC-236 and EUROCAE WG-96 used this limit as the basis for DO-378 and DO-260 (WAIC MASPS). 
· The AVSI study, reported in a series of IPs submitted to consecutive meetings, validated that adhering to this limit will prevent WAIC from harmfully interfering with altimeters.
· FSMP-WG/8 previously approved this power limit as part of WAIC SARPs. 

As part of the Correspondence Group, the Panel member nominated by France raised questions about apparent inconsistency between the altimeter protection criteria specified in Rec. ITU-R M.2059 compared to the effective power that may be received by altimeters if WAIC operates under the provisions of Rec. ITU-R M.2085. Numerous arguments were used within the Correspondence Group to address and allay that concern, as outlined in detail in WP02. In addition to those arguments, WP01 was submitted independently by the Panel member nominated by France, asking for full concurrence from the whole meeting to assure that the arguments in WP02 are agreed on. 

It has to be emphasized that WP01 does not specifically ask the meeting to modify WAIC SARPs, as submitted in WP02. Instead, WP02 asks the meeting to “have a internal discussions and thought regarding the protection criteria to use outside and inside of ICAO” and “take action if necessary and as appropriate within WAIC SARPS, considering ITU-R M.2059, ITU-R M.2085 and the protection of the radioaltimeters”.  

Discussions during the meeting

During the meeting the Panel member nominated by France has clarified his position that provisions of Rec. ITU-R M.2085 do not provide sufficient protection of altimeters against possible harmful interference from WAIC. Instead, he argues that protection criteria from Rec. ITU-R M.2059 should be directly referenced in WAIC SARPs. 

Several consecutive proposals from the Panel member nominated by France seek to specify a power flux density limit at the victim altimeter in line with values from Rec. ITU-R 2059. If converted into e.i.r.p. spectral density values under the assumptions of WCLS geometry, those proposals from the Panel member nominated by France require a reduction in total WAIC transmit power between 28 and 36 dB below the 6dBm/MHz e.i.r. power spectral density limit from Rec. ITU-R 2085. It should be noted that the most recent French proposals contain provisions that are exceedingly difficult or impossible to verify by WAIC vendors, such as power received by victim altimeters on other aircraft (rather than power emitted by WAIC) or fuselage attenuation requirements, which are outside of WAIC vendors’ control. Thus compliance with SARPs would be very difficult to verify. 

The latest proposal would effectively invalidate provisions of Rec. ITU-R 2085 and obviate five years of subsequent engineering and regulatory work. In particular, provisions of the newly published ED-260 and DO-378 would be rendered fully irrelevant under the French proposals. The majority of WAIC stakeholders maintains that Rec. ITU-R M.2085 is valid and should remain the sole basis of transmit power limits in WAIC SARPs. It should be noted that Rec. ITU-R 2085 refers to Rec. ITU-R 2059 only in its considering section and to Report ITU-R 2319 in its recognizing section. However, as explained below, neither of these two documents is needed to properly apply the Recommendation ITU-R M.2085. 
The continued discussions highlighted that one of the sources of disagreement was the particular understanding of the origin of Rec. ITU-R M.2085 and misinterpretation of the notion of equivalent isotropically radiated power (e.i.r.p.). The French position is that Rec. ITU-R M.2085 must be interpreted together with all assumptions of the preceding Report ITU-R M.2319. The argument is that the 6dBm/MHz e.i.r.p. spectral density limit may lead to different specified power levels depending on whether fuselage attenuation or directional antennas are considered. 
The very reason to specify the power limit in Rec. ITU-R M.2085 in e.i.r.p. terms is to make the verification of the limit completely independent of any WAIC system internal design details. As explained in ED-260 and DO-378, the e.i.r.p. limit considers a WAIC-equipped aircraft as a whole, treated as a single equivalent point source. As such, it is not only unnecessary, but in fact impossible to modify the interpretation of the e.i.r.p. limit based on installation details. 
The second source of disagreement with the Panel member nominated by France is whether it should be permitted at ICAO to analyze coexistence between two aeronautical safety services according to different criteria than can be used in ITU-R pre-allocation sharing studies that involve non-aeronautical services. On this matter, the position of the majority of WAIC stakeholders is described in WP02, and remains unchanged. A properly designed engineering study, such as summarized in IP02, may be used to analyze worst case interference scenarios and arrive at coexistence criteria that are different from what could result from an ITU-R sharing study. As stated by multiple FSMP members, an ICAO study is not an ITU-R sharing study, and should not be treated as such. It is understood by agreement that spectrum usage matters strictly within aeronautical bands should be managed within ICAO to avoid duplication of effort.
In this context, it should be emphasized that the Panel member nominated by France does not question the validity of the AVSI study as reported to FSMP-WG in multiple previous papers. During the week, he repeatedly stated that the AVSI study results are valid. Therefore, the WAIC stakeholders see no justification to reduce the WAIC power limit.  
Current status
The text below shows the relevant text excerpts for xx.4.2 as proposed in WP02, with additional editorial amendments, as well as the most recent proposal from the Panel member nominated by France. The proposal introduces a new requirement xx.3.4 that further reduces the allowed WAIC power, changes notes to xx.3.3, xx.3.4 (that would become xx.3.4) and xx.4.2, and removes all references to DO-378 and ED-260. The majority of WAIC stakeholders cannot accept this proposal as it fully ignores the provisions in Rec. ITU-R M.2085 and the subsequent work in development of WAIC MASPS and SARPs.
The following highlighting scheme is used below: 
· Original text from WP02, which is the current Correspondence Group view
· Editorial amendments from the Correspondence Group
· The latest proposal from the Panel member nominated by France
[bookmark: xx_4_3]…
xx.4.2	WAIC System’s Total Radiated Power: 
	The power spectral density of the total emissions of all WAIC transmitters on board an aircraft shall not exceed an equivalent isotropic radiated power spectral density of 4mW/MHz assuming a point source located at the geometrical center of the aircraft.  
 Note: The power spectral density limit specified in xx.4.2 is based on Recommendation ITU-R M.2085. In order to assure compliance of outside WAIC systems with xx.4.2, WAIC system integrators may need to employ mitigations techniques, such as directional antennas or additional shielding. The RTCA document DO-378 and the EUROCAE document ED-260 provide one acceptable method of demonstrating compliance with xx.4.2.
…. 

[bookmark: xx_3_4]…
xx.3.3	WAIC Systems shall not cause harmful interference to radio altimeter systems on other aircraft while in operation in the frequency band 4 200 – 4 400 MHz. 
Note: Compliance with xx.3.3 is achieved by respecting xx3.4 and the limiting the power of WAIC emissions below the level at which altimeter performance may be affected. The RTCA document DO-378 and the EUROCAE document ED-260 specify the power spectral density limit for a WAIC system that is consistent with xx.4.2 below, and provide one acceptable method of demonstrating compliance with that power spectral density limit. 
xx.3.4	In order to protect radio altimeters:
· Inside and Outside WAIC Systems emissions shall respect the following technical characteristics:
[image: ]
Note: Inside WAIC will operate with a fuselage attenuation of at least 35 dB.
· Outside WAIC Systems emissions radiated from one aircraft shall not exceed the maximum pfd level of -109/-103 dBm/MHz/m² at the RA antenna on another aircraft.

[bookmark: xx_3_5]xx.3.4	WAIC systems shall not claim protection shall tolerate interference from radio altimeters and should be compatible with WAIC systems on other aircraft in the frequency band 4 200 – 4 400 MHz.
Note: The RTCA document DO-378 and the EUROCAE document ED-260 provide one acceptable method of demonstrating compliance with xx.3.4 via test. Alternatively, the critical coexistence scenario described in DO-378 and ED-260  may also be used to develop appropriate analyses to demonstrate compliance with xx.3.4.

xx.4.2	WAIC System’s Total Radiated Power: 
	The power spectral density of the total emissions of all WAIC transmitters on board an aircraft shall not exceed an equivalent isotropic radiated power spectral density of 4mW/MHz assuming a point source located at the geometrical center of the aircraft. 
Note: The RTCA document DO-378 and the EUROCAE document ED-260 provide one acceptable method of demonstrating compliance with xx.4.2.
… 
Further action by the meeting

FSMP-WG is requested to consider the above, and provide further guidance regarding the applicability of WRC-15 decisions to these SARPs 




WAIC MODULATION 

Pre-meeting background

The SARPs draft previously discussed at FSMP-WG/8 did not include any modulation requirement. That meeting approved the SARPs draft, with the sole exception of the unwanted emissions mask. Hence, the Correspondence Group did not intend to address the modulation issue, consistent with the altimeter susceptibility testing conclusions 

In the course of the WAIC Correspondence Croup activities, the Panel member nominated by France requested the definition of modulation types to be usable by WAIC in the SARPs text. The initial proposal was to restrict WAIC to Orthogonal Frequency Division Multiplexing (OFDM) waveforms only. The argument brought forward on that was that only OFDM waveforms were tested. In the subsequent discussions it was clarified, that initial tests with MSK signals and their comparison with OFDM waveforms indicated no significant difference in their impact on radio altimeter performance. 

To confirm that experimental conclusion, the AVSI team also provided the Correspondence Group with detailed theoretical assessments. It was noted that OFDM is a Multi-Carrier Multiplexing scheme rather than as a modulation format. OFDM was selected for the experimental testing as a practical representation of an aggregate effect of a multitude of independent WAIC transmitters operating across the entire 200 MHz band in the Worst Case Landing Scenario (WCLS). Furthermore, the generation of OFDM signals at multiple bandwidth settings is practically convenient given the availability of suitable signal generators. 

The AVSI assessments also showed that if Frequency Modulated Continuous Wave (FMCW) waveforms were used, with characteristics very similar to that of the victim radio altimeter (e.g. an FMCW signal with a very similar chirp rate synchronously swept over a large enough bandwidth), then interference effects could be more severe than those of the broadband white noise represented by OFDM waveforms used in testing. This is apparent since an FMCW-based radio altimeter receiver is designed to be particularly sensitive to its own return signal. In multiple redundant radio altimeter installations, designers therefore have to take measures to prevent such situation. In order to cause such a distinct interference case the WAIC would have to use continuous chirp modulation with very similar settings as radio altimeters do. This is practically unrealistic, since:

a)	Choosing an FMCW waveform for WAIC systems with characteristics as those used by FMCW-based radio altimeters would be the worst possible design choice since this would maximize their sensitivity to radio altimeter signals, and consequently altimeters’ interference impact on WAIC performance. Since interference from own-ship altimeters has the dominating effect on WAIC, this choice will be prevented in the course of airframe certification, when WAIC performance must be demonstrated in presence of own-ship altimeter emissions.

b)	Common modulation waveforms used in modern communication systems designs are all combinations and variants of Phase Shift Keying (PSK), Frequency Shift Keying (FSK) and Quaternary Amplitude Modulation (e.g. 16-QAM) which by no means come close to generating linear chirp sequences of the kind that may provide the level of correlation resulting in a more severe impact than that what was captured by the radio altimeter test campaign.

The above assessment was shared with the entire Correspondence Group in late May 2019. Limited feedback received from the Panel member nominated by France based on consultations with Thales indicates acceptance of the premise that only WAIC systems using FMCW-like modulation could possibly produce interference effects more than severe than what was experimentally observed. 

Radio altimeter manufacturers on the Correspondence Group are not particularly concerned about the WAIC modulation waveform. However, it is common understanding that some modulation techniques that may generate linear frequency chirps which could cause significant correlation with the radio altimeter return signals shall be avoided. A proposal was shared with Thales as to how a possible requirement phrasing might conclusively preclude such waveforms, with no definite response. 

Based on the above, the Correspondence Group has decided not to include any additional modulation requirement in draft SARPs as presented in WP02, subject to additional discussions at FSMP-WG/9. 

Discussions during the meeting

During the plenary discussion on 22 August, the Panel member nominated by France has indicated that it is in possession of further detailed technical analysis from Thales. However, there have been no technical details shared with the Correspondence Group. No technical arguments were brought forward to indicate that WAIC modulation type will have a practical effect on RA interference susceptibility in the critical scenarios considered. However, arguments were presented by the Panel member nominated by France to preserve design space for future radio altimeters by constraining WAIC modulation type in WAIC SARPs. Counterarguments were presented that there are critical reasons to preserve WAIC design space in the present. 

Proposals were exchanged for additional language in WAIC SARPs concerning modulation that represent a compromise. However, there was no consensus on specific language. 

The proposal from the Panel member nominated by France is as follows highlighted in blue: 

WAIC systems shall preclude any waveforms with FM sweep (continuous or not) or waveforms with chirp presenting correlation with radio altimeter signal.

The above formulation was not found acceptable as a part of SARPs because it is technically vague and thus impossible to verify. An alternative wording, also aiming at excluding FMCW-like modulation, was proposed, and is shown in green below. 

Any WAIC System that uses linear continuous frequency sweep modulation over a frequency range of more than X MHz, shall use a sweep rate of greater than Y MHz/µs. 



Current status

Discussions continue to formulate language that will provide a technically clear and practically verifiable requirement. In absence of additional information, the majority of Correspondence Group’s position is not to include any requirements for WAIC modulation. 

Further action by the meeting

FSMP-WG is requested to consider the above and provide guidance about the possible way forward. 


THRESHOLD CRITERIA IN AVSI WAIC/RA TESTING

Concern raised during the meeting: 

A question raised after the introduction of FSMP WG/09 IP02 at this meeting that was not recognized at the previous meeting (FSMP WG/08) concerned the criteria used to determine the WAIC Interference Power Threshold. ASRI raised this question concerning the criteria used to determine the threshold of harmful WAIC interference. The concern is that the criteria allow for transient altitude readings. While these might not significantly affect the average reported altitude, the effect of a transient erroneous altitude on systems that use the reported altitude must be confirmed to not be detrimental to aircraft systems.

Discussion of WAIC Interference Power Threshold Criteria:

The criteria for determining the onset of harmful interference used in the AVSI experimental study were intensively discussed among all involved partners including representatives of the major radio altimeter manufacturers and aircraft systems integrators. The aim of the study was to reproduce the worst-case interference scenario, which included the accurate modelling of the interference situation radio altimeters face already today in the absence of any WAIC signal. Therefore the scenario included 16 FMCW signal sources representing the existing use of the band. Analysis of the results showed, that even without any WAIC signal being present the altitude output by the radio altimeters under test are influenced by these FMCW signals, yielding in statistical variations of the altitude reading. In order to be able to discriminate the impact of the existing use of the band from the additional effect WAIC systems will have, a combination of three criteria was used. The criteria that yielded the lowest threshold power was used as the determining criteria. The three criteria included the following.

No Computed Data (NCD)

When an altimeter is in a condition such that unwanted signals in the receiver are sufficient to prevent the altimeter signal processing from reliably computing a height, it will also assert an error message on the ARINC 429 bus that indicates No Computed Data (NCD). Thus, in the AVSI testing an NCD error was understood to mean that the additional WAIC interference was of sufficient power to prevent the RA from reliably computing an altitude and thus represented a WAIC interference power that was over the WAIC Interference Power Threshold.



Average Height Error

The average height reported on the altimeter ARINC 429 output was first computed from all steady-state readings recorded during periods during which the WAIC interference RF output was turned off. This was compared to the average reported height computed from steady-state readings recorded while the WAIC interference RF power was turned on. Typically, more data was collected during the WAIC interference on interval due to the added noise in the reported height as compared to that when the RF was turned off. 

Additionally, it should be noted that dynamic effects were not considered by ignoring heights reported within three seconds of a transition between the RF ON (HRFon) and OFF (HRFoff) states. This is due to the fact that different altimeters employ different filtering and signal processing, thus the steady-state behaviour was suitable for comparison of the behaviour of different altimeter models. It should also be noted that the reported height demonstrated smooth transitions between RF ON and OFF states, there was no increase in the statistical fluctuations of the reported height in excess of the behaviour demonstrated during the steady-state.

The discrimination value for the average height error was chosen to be 0.5%. Thus this criteria can be expressed as 


.

The value was chosen as sufficiently less than the within 2% or 1.5ft error specified in DO-155 to ensure proper operation of the RA in realistic interference scenarios. 

Statistical Significance

In addition to the steady-state behaviour of the mean reported height, the dynamics of the statistical fluctuations were considered. It was observed that even when the WAIC RF power was turned off, there were statistical fluctuations in the reported height caused by the in-band FMCW interference (which simulated the presence of other RAs near the victim RA in the WCLS considered in the study). Statistical analysis of the reported height fluctuations was used to discern the incremental effect of WAIC to determine the lowest WAIC interference power that causes harmful interference. This involved generating a histogram of heights all reported during a given WAIC RF power on interval and determining the values for which 1% of the reported points and 99% of the reported points fall below. These values were determined for each WAIC RF output power interval. The discrimination value in this case was selected to be that WAIC RF power for which the 1-percentile line was below the DO-155 ‑2% error height or the 99-percentile line was above the +2% error height. This ensures that 98% of all reported altitudes fall within the DO-155 requirements.



Current status

Consultations with four different RA equipment manufacturers and additional aircraft systems integrators have indicated that these criteria are consistent with the continued safe operation of RAs. However, the AVSI team is continuing to canvas additional stakeholders for additional input. It is not expected that a significant change in the identified RA interference threshold may be identified as a result of these discussions. 

Sample Size AND other test limitations
Concern raised during the meeting: 

An additional consideration voiced after the introduction of FSMP WG/09 IP02 at this meeting that was not recognized at the previous meeting (FSMP WG/08) is that the number and types of altimeters tested in the AVSI testing might not be sufficient. 

Summary of discussions during the meeting: 

The intent of the AVSI experimental studies was to establish a neutral, reference test bench for use in establishing the sensitivity of any radio altimeter under equivalent test conditions. Due to practical concerns, the number of altimeters available for test was limited. However, effort was made to obtain a suite of test altimeter models that represented a significant portion of those currently deployed in commercial service, since that was viewed as the likely target initial implementation for WAIC (due in part to the perceived benefit of removing wires from a large aircraft as compared to that of a small aircraft). The team members participating in the AVSI WAIC/RA interference project comprised three of the top RA manufacturers, major aircraft integrators, other aircraft systems suppliers, and research organizations. 

This membership provided access to a set of test altimeters that met the target criteria. While it was desired to test as many altimeters as could be practically tested, the lack of a complete set of all radar altimeter models currently used in all types of aircraft was compensated by using established RA performance standards (DO-155 / ED-30 / ARINC 707-7). Since all the test altimeter models were compliant with these standards, it was expected that additional altimeter models that also complied with these standards would exhibit similar behaviour. Furthermore, by choosing conservative test criteria, the conclusions drawn from the laboratory testing could reasonably be extended to cover these additional altimeter models.

Additionally, in some cases internal testing was performed by the RA experts participating in the AVSI study, which was further informed by proprietary information not available to AVSI. These experiments not only corroborated the experimental setup and results obtained in the AVSI studies, but also provided the context of the RA manufacturer’s proprietary knowledge of other models in their product line.

Pulsed Altimeters

It was noted by the Meeting that the AVSI Test Report provided in FSMP WG/09 IP02 did not consider any pulsed altimeters. There is no consensus on the impact of this omission. Complementary RA testing and analysis has been performed by other parties considering pulsed altimeters. The Japanese delegation reported on such at FSMP WG/07 IP08, though their testing was limited to out-of-band interference conditions. 

AVSI is analyzing the potential impact of WAIC interference on pulsed altimeters based on the differences in the general operating principles between FMCW and pulsed systems. Furthermore, AVSI is continuing to seek additional altimeters, specifically pulsed and GA models, to extend the sample size of tested altimeters. 
Usage Scenarios

The AVSI Report considered commercial transport aircraft in a Worst Case Landing Scenario (WCLS). Questions were raised concerning the extensibility of the conclusions in the report to other applications, including helicopter and general aviation aircraft.  

The WCLS was determined after extensive consultation, presentation and review of scenarios consistent with ICAO aerodrome regulations. Consensus was reached that the WCLS represented the worst interference environment from WAIC and FMCW systems on other aircraft (i.e., the domain of the WAIC SARPs) for all phases of flight. 

Helicopter operations are significantly different than those for commercial transport aircraft. However, the density of WAIC and RA radiators in the WCLS and the proximity allowed by the aerodrome regulations would require similar considerations for a worst-case helicopter interference environment. The impact of this is that similar in-band FMCW and WAIC interference would need to be present in any scenario to induce WAIC interference power thresholds that are at least as low as those reported in the AVSI testing.

Status: 

While it is desirable to test as many RA models as possible, the suite of altimeters that comply with international performance standards used in the laboratory testing is sufficient to conclude that the reported margin for commercial transport aircraft in the WCLS is sufficient to protect RAs on those aircraft. Additional work may be required to address specific questions concerning other use cases.


CONCLUSION

The updated proposed text of SARPs is included below, followed by the Impact and Implementation Assessment and Validation Statement drafts. 

 
FURTHER ACTION BY THE MEETING

The meeting is invited to consider this status report in context of approving these SARPs.


ANNEX 1
Proposed Modifications to Annex 10 to the Convention on International Civil Aviation


	Insert new text as follows



CHAPTER xx.	WIRELESS AVIONICS INTRA-COMMUNICATIONS (WAIC)


xx.1	DEFINITIONS

Wireless Avionics Intra-Communications (WAIC) – WAIC is defined as radiocommunication between two or more aircraft stations located on board a single aircraft; supporting the safe operation of the aircraft.

WAIC System – A WAIC System provides wireless communications between points on board a single aircraft for aircraft applications related to the safety and regularity of flight using the aeronautical mobile (route) service (AM(R)S) allocation in the frequency band 4 200 – 4 400 MHz. A WAIC System may be comprised of one or more WAIC Networks necessary for establishing, maintaining and securing wireless communications. A WAIC System is understood as the entirety of all WAIC components on board the same aircraft, so that a single aircraft contains only a single WAIC System.

WAIC Network – A WAIC Network comprises interrelated WAIC Components, e.g. components used for wireless communications, security or network management.

WAIC Component – Any tangible entity of a WAIC Network on board an aircraft. 

WAIC Node – A WAIC Node is a specific category of a WAIC Component establishing wireless communications between aircraft applications or parts thereof. 

	[bookmark: _Hlk409102664]Origin:

FSMP
	Rationale:

The above definitions are specific to WAIC and are provided in addition to the general definitions given in Chapter 1, Part 1 of Annex 10 Volume III.



[bookmark: _Toc404090298]

xx.2	INTRODUCTION
xx.2.1	WAIC Systems provide wireless communications between points on board a single aircraft for aircraft applications related to the safety and regularity of flight using the aeronautical mobile (route) service (AM(R)S) allocation in the frequency band 4 200 – 4 400 MHz. WAIC Systems are not allowed to communicate off board a given aircraft. This frequency band is shared with existing radio altimeters, which must be protected from WAIC emissions.
xx.2.2	These Standard and Recommended Practices (SARPs) define the requirements that ensure that WAIC Systems and radio altimeters can provide their intended functions while multiple aircraft are in mutual radio range. Coexistence requirements between WAIC Systems and radio altimeters installed on board the same aircraft are covered by established airworthiness certification processes and are outside the scope of these SARPs.
xx.3	GENERAL
[bookmark: xx_3_1]xx.3.1	WAIC Systems shall comply with the applicable provisions of the ITU Radio Regulations.
[bookmark: xx_3_2]xx.3.2	WAIC shall only be used for communications between two or more points on a single aircraft.
xx.3.3	WAIC Systems shall not cause harmful interference to radio altimeter systems on other aircraft while in operation in the frequency band 4 200 – 4 400 MHz. 
Note: Compliance  with xx.3.3 is achieved by limiting the power of WAIC emissions below the level at which altimeter performance may be affected. The RTCA document DO-378xxx and the EUROCAE document ED-260 specify the power spectral density limit for a WAIC system that is consistent with xx.4.2 below, and provide one acceptable method of demonstrating compliance with that power spectral density limit. 
xx.3.4	WAIC systems shall perform their intended function in presence of emissions tolerate interference from radio altimeters and WAIC systems on other aircraft in the frequency band 4 200 – 4 400 MHz.
Note: The RTCA document DO-xxx 378 and the EUROCAE document ED-260 provide one acceptable method of demonstrating compliance with xx.3.4 via test. Alternatively, the critical coexistence scenario described in DO-378xxx and ED-260  may also be used to develop appropriate analyses to demonstrate compliance with xx.3.4.

	[bookmark: _Hlk409107828]Origin:

FSMP
	Rationale:

The sections above describe the basic function and purpose of WAIC.





xx.4	RADIO FREQUENCY (RF) CHARACTERISTICS
[bookmark: xx_4_1]xx.4.1	Frequency Band: WAIC systems shall operate in the frequency band 4 200 – 4 400 MHz.
xx.4.2	WAIC System’s Total Radiated Power: 
	The power spectral density of the total emissions of all WAIC transmitters on board an aircraft shall not exceed an equivalent isotropic radiated power spectral density of 4mW/MHz assuming a point source located at the geometrical center of the aircraft. 
Note: The power spectral density limit specified in xx.4.2 is based on Recommendation ITU-R M.2085. In order to assure compliance of outside WAIC systems with xx.4.2, WAIC system integrators may need to employ mitigations techniques, such as directional antennas or additional shielding. The RTCA document DO-xxx 378 and the EUROCAE document ED-260 provide one acceptable method of demonstrating compliance with xx.4.2. 
xx.4.3	Unwanted Emissions Limits for a WAIC System:

	The unwanted emissions of a WAIC system shall not exceed the piece‐wise linear mask as defined in Table 1 and illustrated in Figure 1 below, referenced to the power spectral density limit in Requirement xx.4.2. The spectrum mask shall be respected under all operational conditions (i.e.: temperature, vibration, pressurization, frequency stability). 
Note: It is important to take into account the occupied bandwidth defined by the RR 1.153. For a WAIC emission, this occupied bandwidth is defined as its 23 dB attenuation.

	Frequency f [MHz]
	Emissions mask [dB]

	f< 3800 
	-43

	3800 <= f <=4200 
	-3 - (4200-f)*0.1

	4200 < f < 4400
	0

	4400 <= f <= 4800
	-3 - (f-4400)*0.1

	4800 < f
	-43


Table 1 WAIC emissions mask

	Frequency F (MHz)
	Emissions mask (dB)

	F ≤ 4197.4
	-43

	4197.4 < F ≤ 4200.0
	-25

	4200.0 < F ≤ 4201.3
	-3

	4201.3 < F < 4398.7
	0

	4398.7 ≤ F ≤ 4400.0
	-3

	4400.0 ≤ F < 4402.6
	-25

	F ≥ 4402.6
	-43


Table 1 WAIC emissions mask
[image: ]
Figure 1 WAIC emissions mask

xx.4.4	Out-of-Band Interference Tolerance:

· WAIC receivers shall implement a front end filter, which in combination with the antenna provides at least 40 dB/decade rejection roll‐off from the band edges.
· WAIC receivers shall tolerate meet their intended performance targets in presence of interference from sources operating outside of the frequency band 4 200 – 4 400 MHz whose total combined power as measured at the WAIC receiver (following the front end filter) does not exceed ‐30 dBm.
· WAIC receivers shall meet their intended performance targets in presence of tolerate interference from sources operating outside of the frequency band 4 200 ‐ 4 400 MHz whose total combined emitted power falling within the frequency band 4 200 ‐ 4 400 MHz as measured at the WAIC receiver (following the front end filter) does not exceed a power spectral density of ‐101 dBm / MHz.

	Origin:

FSMP
	Rationale:

The sections above describe the minimum RF characteristics of WAIC transmitter and receiver.






xx.5	PERFORMANCE REQUIREMENTS
xx.5.1	A WAIC system located on board one aircraft shall maintain its intended function while subject to emissions from WAIC and radio altimeter systems located on board other aircraft. 
Note: The RTCA document DO-378xxx and the EUROCAE document ED-260 provide one acceptable method of demonstrating compliance with xx.5.1 via test. Alternatively, the critical coexistence scenario described in DO-xxx and ED-260  may also be used to develop appropriate analyses to demonstrate compliance with xx.5.1.

— — — — — — — —




ANNEX 2

Impact and Implementation Assessment 
Proposed Text to be Submitted to ANC 
[bookmark: text_above]

PART 1: IMPACT ASSESSMENT

1.1	What is the problem/opportunity that this proposal is designed to address?
	Please include reference to Jobcard / ASBU / work programme item, as applicable

	(Reference: Job Card FSMP 07.01 – Develop and maintain SARPs and guidance to prevent WAIC / Radio Altimeter interference) 

Resolution 424 of the World Radiocommunication Conference 2015 established a new aeronautical mobile route service allocation in the frequency band 4200 – 4400 MHz, reserved exclusively for Wireless Avionics Intra Communications (WAIC), and invited ICAO to develop SARPs for WAIC taking into account Recommendation ITU-R M.2085. As specified in Resolution 424, WAIC cannot cause harmful interference to, nor claim protection from radio altimeters operating in the same band as part of the pre-existing frequency allocation to the aeronautical radionavigation service. These proposed SARPs specify conditions that will assure such safe coexistence between future WAIC installations and radio altimeters. 

WAIC is a new type of wireless on-board communication serving aircraft functions related to safety and regularity of flight. To-date, wireless data links have been feasible only for non-critical and non-essential aircraft functions. Availability of a new route allocation for WAIC will allow the use of wireless links for a wide range of aircraft systems. Possible applications of WAIC, as discussed in detail in Report ITU-R M.2283, include a variety of sensing, monitoring and control functions. The ability to deploy new sensors without additional wiring will allow introduction of new sensing and monitoring capabilities, leading to increased safety and efficiency of flight. Dissimilar redundant wireless links will make it easier to design safety critical systems by reducing common failure modes in data links. Aircraft reconfiguration and retrofit will be made more efficient when fewer wired data links have to be physically rerouted. Reduction of wire weight will also be consistent with ICAO environmental contributions to Sustainable Development Goals. Other, not yet fully understood benefits of WAIC will likely become apparent once the technology becomes commercially available. 

In order to realize the many potential benefits of WAIC, ICAO needs to develop and approve SARPs. Per Resolution 424 (WRC-15) WAIC can operate only in compliance with ICAO SARPs. In order to fully invest in technical development of WAIC, the industry must have a high level of certainty about technical requirements that WAIC equipment and networks must satisfy. Therefore, the approval of these SARPs will be a crucial and necessary step towards practical deployment of WAIC systems. 



1.2	What is the overall impact of this proposal on the strategic objectives of ICAO, namely:
	
	Positive / Negative / Negligible/None
	Rationale:
Please provide an explanation for your choice and highlight  any caveats or limitations in the selection 

	Safety

	Positive
	WAIC is an enabling technology introducing a new communications medium between aircraft functions.  WAIC will enable expanded intra-system communications and the introduction of new sensors/actuators. WAIC-related safety impacts can only be assessed in association with future intended functions. The current level of safety will be at least maintained. Depending on the actual function WAIC is used for, safety may be improved for particular circumstances, e.g. by allowing dissimilar redundancy or adding new safety functionalities. 

	Security

	Negligible/None	WAIC Systems do not provide communication between two aircraft. Specific equipment security capabilities and system implementations are defined in the WAIC MOPS to protect systems against specific threats.  

	Environment

	Positive
	Enhanced sensing, without additional weight penalty of new wiring, will enable more energy-efficient operation of aircraft systems, thus reducing the overall fuel consumption and carbon emissions. 

	Efficiency

	Positive	Reduction of wiring, with associated harnesses and connectors, will simplify the design effort needed to add and route new wiring, and will reduce assembly and installation labour. New sensing and monitoring functions made possible by WAIC will facilitate predictive and condition-based maintenance, reducing gate delays and improving air transport efficiency.


1. 
Note: In the following questions ‘States’ applies to the adoption and oversight of new SARPs. ‘Industry’ applies to the service provision and use, whether State owned or not (e.g. ANSPs, airlines aerodromes, meteorology, general aviation, etc). With respect to financial costs for States, it refers to the cost to develop, implement, maintain, and consider oversight issues associated with the proposed change. For Industry, it refers to the cost of implementing the change, where compliance is required by the State, which may translate in costs for equipage, human resources, training, documentation, aircraft modifications or upgrades, operations and airworthiness for example.

1.3	What is the overall impact on resources (financial, personnel, etc) of this proposal for: 
	
	Increase/decrease/negligible/unknown
	Rationale:
Please provide an explanation for your choice and highlight  any caveats or limitations in the selection

	States

	Negligible/No impact	No changes to existing systems or infrastructure will be needed when WAIC Systems are introduced. WAIC involves communication only between points on a single aircraft, and does not require any new infrastructure.  

	Industry

	Negligible/No impact
	The proposed WAIC Systems will be implemented on new aircraft being delivered from the aircraft manufacturers and also potentially on retrofit aircraft, with no impact on other aircraft that does not use WAIC.



1.4	In your opinion, do the benefits of this proposal justify the cost of implementing the proposal from the perspective of:
	
	Answer
	Rationale:
Please provide an explanation for your choice and highlight  any caveats or limitations in the selection

	States
	Yes	WAIC will allow design of more efficient and intelligent aircraft systems with enhanced sensing and monitoring functionalities, facilitating technical progress in aviation and improving efficiency of air travel.  

	Industry
	Yes	The new AM(R)S allocation for WAIC was established due to industry request. The availability of SARPs for WAIC will allow taking advantage of the many potential benefits of WAIC. 


2. 



PART 2: IMPLEMENTATION PLAN

To assist ICAO and States ensure this proposal will be effectively implemented please answer the following questions. 

Note: The ANC recognizes that panel experts may feel limited in their ability to answer some or all of these questions, however, encourages the panels to provide their views. If still unsure, it is acceptable to leave one or more blank. The answers presented to the ICAO Council with the proposed amendment will be further developed by ICAO.

2.1	What supporting documentation is required for this proposed amendment?
	Please include reference to any  documents that require initial release/amendment e.g. ICAO Document or Circular name and number, industry specification, etc

	· Add a new chapter to Annex 10 Aeronautical Telecommunications, Volume ? on the Wireless Avionics Intra-Communications (WAIC)



2.2	What other guidance, training and support activities do you recommend ICAO undertake to ensure the effective implementation of this proposed amendment?
	Please include reference to any existing support/promotional programmes and whether it is required globally or regionally e.g. regional seminars, ikits, etc

	· 
· 
· 



2.3	What are the essential steps to be followed by a State in order to implement this proposed amendment?
	Please include the major steps e.g. amendment of national legislation, change of  oversight procedures, training of oversight personnel, required competencies, etc.

	· National radio frequency spectrum regulations need to be adapted to reflect the changes in the Radio Regulations for WAIC agreed by WRC-15 for WAIC.




2.4	What is the timeframe needed to implement this proposal by:
	
	Answer
	Rationale:
For the State, the timeframe is the length of time needed to implement in the national regulatory framework
For industry,  the timeframe is the length of time needed for industry to start implementing in their operations

	States
	1 - 2 Years	National radio frequency spectrum regulations need to be adapted to reflect the changes in the Radio Regulations for WAIC agreed by WRC-15 for WAIC. 

	Industry
	1 - 2 Years	The lack of SARPs is the main factor preventing the industry from developing and deploying WAIC solutions. Once these SARPs are approved, the expectation within the industry is to have first WAIC solutions available within 2 years. 


PART 3: AUDIT PLAN
Note: This section will be completed by ICAO prior to the presentation of any proposed changes to SARPs or PANS. The Panel Secretary will coordinate with the relevant experts in ICAO. 

3.1	Does this proposal require an amendment of the USOAP CMA protocol questions to assess effective implementation by States?  
	Please include reference to existing PQs that may need amendment  or description of any new PQs that may be required. State ‘Not applicable’ if no impact

	· Not applicable






ANNEX 3

Validation Statement
Proposed Text to be Submitted to ANC 


WAIC SARPS VALIDATION REPORT


1. INTRODUCTION

1.1. Wireless Avionics Intra-Communications (WAIC) is a new class of wireless data links intended for communication between various functions on-board a single aircraft. A new aeronautical mobile route service allocation for WAIC within the radio frequency band of 4 200 – 4 400 MHz was established by the 2015 World Radiocommunication Conference (WRC-15). 

1.2. The same radio frequency band includes an aeronautical radionavigation service allocation reserved for radio altimeters. The new allocation for WAIC requires that WAIC cannot cause harmful interference to nor claim protection from radio altimeters. Therefore, in development of SARPs for WAIC the main technical task was to establish and validate conditions under which WAIC shall not harmfully interfere with altimeters. 

1.3. This report summarizes studies that were undertaken to characterize susceptibility of radio altimeters with respect to interference from WAIC and to validate technical requirements to be included in WAIC SARPs. The particular technical parameter under consideration was the total radiated power emitted from a WAIC system on board a single aircraft. A series of experimental studies investigated the highest power that may be emitted from a WAIC-equipped aircraft that allows normal operation of altimeters on other aircraft. Results of those studies were presented to and analyzed by FSMP. 

1.4. Prior to finalization of these SARPs, the EUROCAE Working Group 96 and RTCA Special Committee 236 jointly developed a Minimum Aviation System Performance Standard (MASPS) for WAIC, which is now published as ED-260 and DO-378. That joint committee reviewed the same experimental study and confirmed its validity. The technical specifications in WAIC SARPs are consistent with conditions specified within this WAIC MASPS. 


2. WAIC POWER LIMIT

2.1. Resolution 424 (WRC-15) invited ICAO to take into account Recommendation ITU-R M.2085 when developing WAIC SARPs. That Recommendation specifies that the maximum equivalent isotropically radiated power (EIRP) spectral density generated by a WAIC system installed on board a single aircraft must not exceed 6 dBm/MHz, or equivalently 4mW/MHz. 

2.2. ED-260 and DO-378 adopt the 6dBm/MHz EIRP spectral density limit for WAIC and provide a practical verification procedure how to ascertain whether the limit is satisfied. 

2.3. The validation study summarized herein took as the basis the power limit from ITU-R M.2085, later adopted by ED-260 and DO-378. The goal was to confirm experimentally whether that limit assures safe operation of actual radio altimeter implementations aboard other aircraft under worst case operational scenarios. 


3. INTERFERENCE SUSCEPTIBILITY STUDY

3.1. The experimental study was performed by the Aerospace Vehicle Systems Institute (AVSI). The project team included three leading altimeter manufacturers (Honeywell, Rockwell Collins, Thales), two airframers (Airbus, Embraer), as well as equipment manufacturers (Lufthansa Technik, UTC, Zodiac) and NASA specialists. 

3.2. The study was performed at Texas A&M University to enable objective and repeatable testing in an independent academic setting. 

3.3. A collection of commercial altimeters was placed within a calibrated test bench. Controlled interference signals were injected into altimeter receivers’ additive to their return signals.

3.4. Through analysis and experimental iteration, the project team established the worst-case operational scenario under which multiple WAIC-equipped aircraft generate most severe interference received by altimeters on a victim aircraft. That worst-case scenario involves landing when the multiple WAIC-aircraft aircraft parked or taxiing at the airport, consistent with ICAO regulations for aerodromes, generate the most severe composite interference environment. 

3.5. The study crucially considered interference from multiple altimeters installed on multiple aircraft at the airport, as well as from multiple redundant altimeters aboard the landing (victim) aircraft. That was a primary concern for FSMP, as other altimeters represent the most severe interference source for a victim altimeter, often exceeding the effects of potential interference from WAIC. 

3.6. The study used a set of very conservative assumptions and was thoroughly reviewed by the altimeter experts on the AVSI team. It was also reviewed and accepted by a wider team on the joint WG-96 and SC-committee, including experts from EASA and FAA.

3.7. Details of the study were reviewed by FSMP in form of a series of Information Papers submitted by AVSI. 


4. VALIDATION OF REMAINING SARPS REQUIREMENTS

4.1. Additional parameters specified by this SARPs were experimentally found to have no effect on the interference sensitivity of radio altimeters. However to properly implement WAIC systems, these additional parameters are required to meet international radio frequency spectrum regulation and have been verified by FSMP members as sufficient to satisfy these regulations. 

4.2. Specifically, the unwanted emissions limits were thoroughly discussed to assure compliance with applicable ITU-R recommendations and national regulations. The final version of the emissions mask satisfies all the requirements introduced by FSMP members representing different national regulatory bodies. 

4.3. Out-of-band interference tolerance was similarly thoroughly examined discussed to assure compliance with applicable ITU-R regulations. The final version of the requirement addresses all concerns voiced by FSMP members. 

4.4. The FSMP reviewed and validated these SARPs for regulatory compliance. 


5. CONCLUSIONS

5.1. The AVSI study verified that if EIRP spectral density generated by WAIC aboard a single aircraft does not exceed 6dBm/MHz, then performance of altimeters aboard other aircraft will not be negatively affected. 

5.2. The conclusion holds in most unfavorable worst case operational scenarios, under a set of conservative worst case assumptions. 

5.3. FSMP concludes that the EIRP spectral density limit of 6dBm/MHz is an appropriate requirement for WAIC and satisfies the condition of protecting radio altimeters. 

5.4. All requirements in WAIC SARPs were validated by FSMP for regulatory compliance. 
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