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	SUMMARY

	This Working Paper contains an update of the draft Standards and Recommended Practices (SARPs) for Wireless Avionics Intra-Communication (WAIC) systems currently under preparation by the FSMP WG. The draft SARPs text contained in the Annex to this document is based on Working Paper 18rev1 presented at the sixth meeting of FSMP WG. It is the result of the feedback received during that meeting and the alignment with ongoing standardization efforts within the joint RTCA / EUROCAE committee SC-236 / WG-96 which is currently developing a Minimum Aviation System Performance Standard (MASPS) and a Minimum Operational Performance Standard (MOPS) for WAIC systems. The project members of the Aerospace Vehicles System Institute’s Project 76 reviewed the existing draft SARPs text in the light of the latest developments within SC-236 / WG-96 and herewith provide proposals for changes and amendments, accordingly. These proposals also take the feedback received during FSMP WG/6 into account.



INTRODUCTION
World Radiocommunication Conference 2015 (WRC-15) allocated the frequency band 4 200 – 4 400 MHz to the aeronautical mobile (route) service and exclusively reserved this allocation for WAIC systems operating in accordance with recognized international aeronautical standards. The associated Resolution 424 (WRC-15) demands that WAIC systems must not cause harmful interference to the operation of radio altimeters also operated under the aeronautical radionavigation allocation in that same frequency band and further, that WAIC systems must operate in accordance with Standards and Recommended Practices (SARPs) as contained in Annex 10 to the Convention on International Civil Aviation. The Air Navigation Commission approved Job Card FSMP.007.01 in November 2016. This Job Card proposes the development of SARPs to establish high-level guidance for the design and certification of Wireless Avionics Intra-Communications systems. The attached text contains an update of the draft SARPs text based on Working Paper 18rev1 presented at FSMP WG/6 in February 2018.
DISCUSSION
The regulatory provisions made by WRC-15 assume that WAIC systems operate according to internationally recognized aeronautical standards supporting the authorization of the use of WAIC systems by both airworthiness and telecom authorities. One essential element of the set of standards to be developed in support of WAIC are ICAO SARPs which shall in particular provide guidance on the aspect of coexistence;
a) between WAIC systems on one aircraft and radio altimeter systems on other aircraft
b) between WAIC systems on different aircraft
within the shared frequency band 4 200 – 4 400 MHz.
The joint RTCA / EUROCAE committee SC-236 / WG-96 is tasked with the development of a Minimum Operational Performance Standard (MOPS) for WAIC systems. Finalization of this MOPS is expected by October 2021. In order to support the FSMP in the development of SARPs according to Job Card FSMP.007.01 in a timely manner SC-236 / WG-96 has decided to initially concentrate on the development of guidance material addressing in particular the following:
1. Requirement that WAIC systems have to tolerate interference coming from radio altimeters from another aircraft
2. Requirement that WAIC systems on one aircraft shall not interfere with WAIC systems on other aircraft
3. Requirement that WAIC systems shall not interfere with radio altimeters on other aircraft
These three requirements are directly taken from Job Card FSMP.007.01 and are referred to as coexistence requirements throughout the following.
SC-236 / WG-96 agreed in compiling guidance material addressing the above coexistence requirements with a Minimum Aviation System Performance Standard (MASPS). This MASPS is expected to be released by RTCA and EUROCAE by mid-2019. The expected content of this MASPS is presented in a separate  input paper from RTCA and EUROCAE to this meeting of the FSMP WG.
The approach taken for satisfying coexistence requirements 2) and 3) from the list mentioned above is to limit the RF emissions generated by a WAIC system through an aggregate power spectral flux density limit defined on the surface of a hemisphere at a given reference radius around the aircraft under consideration. The MASPS will contain a proposal that can be used to demonstrate compliance with this aggregate power spectral flux density limit, which is derived based on interference susceptibility testing for all major radio altimeter models used onboard passenger transport aircraft. These tests are carried out by the Aerospace Vehicle Systems Institute’s project AFE76 and meanwhile are far advanced. The tests are designed to assess the radio altimeter performance accounting for worst-case interference geometries occurring during aircraft approach and landing. Further details on these tests are presented in a separate Working Paper for this meeting of the FSMP WG.
Coexistence requirement 1) in the list above is addressed by an interference susceptibility test involving four interference sources representing worst-case exposure of the considered aircraft to interfering radio altimeter and WAIC signals occurring on the airport apron. This proposed means for demonstrating compliance with coexistence requirement 1) is also contained within the MASPS.
[bookmark: _GoBack]There is consensus within SC-236 / WG-96 that the proposed means for demonstrating compliance to the coexistence requirements 1) to 3) are sufficient to ensure coexistence among WAIC systems and radio altimeters as well as between WAIC systems. The proposed elements provide adequate guidance to WAIC system developers, installers and Administrations.
Furthermore, Job Card FSMP.007.01 contains the following requirements in addition to the coexistence requirements listed above:
4. Receive mask(s) specifying required adjacent band / out-of-band suppression properties of a WAIC receiver
5. In-band emission properties of a WAIC transmitter, particularly transmit power levels and channel plan
6. Transmit mask(s) specifying out-of-band emission properties of a WAIC transmitter
While it is understood, that it is important to characterize WAIC transmitters’ Out-of-Band (OoB) emissions as well as a WAIC receiver’s capability to suppress OoB signal energy, AVSI project members are of the view, that it is pre-mature to define in-band emission properties such as a transmitter device specific power level and channelization plans. It is even believed, that fixing such parameters now would impose unnecessary restrictions to future WAIC system designs. Fixing a channelization scheme, for instance, to a channel raster of 5 MHz may make it difficult for designers to choose a wide band modulation scheme, which may allow to design more bandwidth-efficient WAIC communications. Due to this it is proposed to delete the paragraphs containing the channelization scheme and in-band spectrum properties (transmit spectrum mask) from the already proposed SARPs text.
Provisions dealing with WAIC system’s out-of-band emissions and interference tolerance were amended to align with provisions established within relevant ITU Recommendations.
An amended draft SARPs text is contained in the Annex to this Working Paper in form of proposed amendments to Annex 10 to the Convention on International Civil Aviation.
ACTION BY THE MEETING
The meeting is invited to note and review the contents in the Annex of this Working Paper and to provide feedback and guidance for the further development of SARPs for WAIC systems.
Members of AVSI Project 76s1 are of the view, that the proposed SARPs text as contained in the Annex to this document is mature enough to consider its promotion to FSMP and further to ANC level for consideration at its next meeting to initiate the approval of the SARPs.
— END —

ANNEX
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.

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 Components may comprise one or more WAIC Function Blocks.

WAIC Function Block – Any part (hardware or software) of a WAIC Component required for establishing, maintaining or securing wireless communications (e.g. a radio transceiver or a security engine).

WAIC Node – A WAIC Node is a specific category of a WAIC Component establishing wireless communications between aircraft applications or parts thereof. A WAIC Node may comprise a set of WAIC Function Blocks (e.g. a radio transceiver or a security engine).

	[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.2.23	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.2.34	These SARPs provide the high-level requirements. Additional supporting material with Appendices that provide the rationale for the specified limits and test procedures suitable for demonstrating compliance with these requirements is contained in [WAIC_MASPS].
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.
[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. Therefore, the aggregate power spectral flux density of the WAIC system installed on board an aircraft shall not exceed the limits derived in Appendix A[WAIC_MASPS].
[bookmark: xx_3_5]xx.3.4	WAIC systems shall tolerate interference from radio altimeters and WAIC systems on other aircraft in the frequency band 4 200 – 4 400 MHz.
	[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.
[bookmark: xx_4_2]xx.4.2	Channelization Scheme: WAIC transmitters and receivers shall support a channelization scheme with 5 MHz center frequency spacing, as depicted in Figure 1. Per channel center frequencies are defined by:
, where k is the channel number.
[image: ]
[bookmark: _Ref490468766]Figure 1: WAIC channelization scheme
[bookmark: xx_4_3]xx.4.23	WAIC Systems’s Total Radiated Power: the maximum equivalent isotropically radiated power spectral density of a WAIC transmitter shall not exceed 6 dBm/MHz.
The aggregate power spectral flux density of the WAIC system on board an aircraft shall not exceed X mW/MHz/m2 when measured on the surface of a hemisphere of radius R1 around the aircraft:
,
where  is the EIRP Spectral Density of an equivalent point source located in the geometrical center point of the aircraft and hemisphere in accordance with [WAIC_MASPS].

[bookmark: xx_4_4]xx.4.4	In-band Emissions (Transmit Spectrum Mask): WAIC systems shall implement transmitters with spectral in-band emission properties as specified by the spectrum mask  described in Figure 2 and Table 1 measured in any 100 kHz bandwidth.
[bookmark: _Ref490474433][image: C:\Users\TH88SB\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Word\untitled.emf]
[bookmark: _Ref505543107]Figure 2: WAIC transmit spectrum mask

[bookmark: _Ref490474507]Table 1: WAIC transmit spectrum mask specification
	Frequency (MHz)
	Mask Specification

	
	0 dBr

	
	

	
	-40 dBr


xx.4.43	Out-of-Band Emission Domain Limits for a WAIC System:
Out-of-Band emissions for a WAIC system shall be in accordance with the specifications for the aeronautical mobile service contained in Recommendation ITU-R SM.1541 Annex 11.
 Each WAIC transmitter shall limit its out-of-band emissions to TBD dBm measured in any 100 kHz bandwidth.

xx.4.5	Out-of-Band Interference Tolerance: WAIC communications links shall be capable of tolerating out-of-band interference levels of up to -30 dBm incident upon the receiver while successfully performing its intended function(s). This may be provided by a combination of adequate linear dynamic range and out-of-band filter rejection. Since the 200 MHz wide WAIC front end cannot achieve significant filter rejection close to the band edges, and tunable front end filters have limited dynamic range, a linear full-band front end with subsequent IF/baseband rejection of interferers is expected. Therefore, the receiver should have an input 1-dB compression point of at least -20 dBm, such that the receiver maintains adequate linearity (i.e., generates intermodulation distortion products far enough below the required received signal level) to recover the desired signal at the minimum expected received signal level (RSL). In addition, WAIC receivers should have a minimal front end filter out-of-band rejection roll-off of at least 20 dB/decade in frequency offset relative to the band edges.
· A WAIC system shall tolerate out-of-band interference from other aeronautical systems.
· A WAIC system shall tolerate out-of-band interference from non-aeronautical systems of up to ‑30dBm incident upon a WAIC receiver.
· A WAIC receiver should have a minimal front end filter out-of-band rejection roll-off of 20 dB/decade in frequency offset relative to the band edges.

	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 performance while subject to emissions from radio altimeters located on board other aircraft.
xx.5.12	A WAIC system located on board one aircraft shall maintain its intended performance function while subject to emissions from WAIC and radio altimeter systems located on board other aircraft in accordance with [WAIC_MASPS].
xx.5.3	WAIC systems shall be designed to enable all WAIC systems on board aircraft in mutual radio range  to meet their intended performance.
— — — — — — — —
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Appendix A – Worst-case shared radio environments used for coexistence considerations
TBD
Editor’s Note:	Description of the worst-case interference geometries (e.g. number and placement of victim aircraft versus interfering aircraft, different operational scenarios, etc.)

Appendix B – Aggregate interference environment
TBD
Editor’s Note:	Description of the worst case aggregate interference environment.

Appendix C – Radio altimeter operations in the presence of WAIC signals

(16 pages)
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