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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.
During the discussions on the WAIC SARPs one of the most controversially discussed items is the permissible “WAIC System’s Total Radiated Power” for which agreement could not be reached upon during past meetings of the FSMP WG. Furthermore, the existing proposed text on “Unwanted Emission Limits for a WAIC Transmitter” and “Out-of-Band Interference Tolerance of a WAIC Receiver” was treated and, although, the discussions were not as controversial as for the WAIC system’s permissible power level, final conclusions could not be reached as of now.
The draft SARPs text contained in the Annex to this document is based on Working Paper 2 presented at the ninth meeting of FSMP WG. It is believed that this version best reflects the status of the discussions within the FSMP WG. The proposed amendments to the draft SARPs text make an attempt to address all open issues with the aim to restart the currently stagnant work on WAIC.


1. INTRODUCTION
Pursuant to Job Card FSMP.007.01, the Frequency Spectrum Frequency Management Panel (FSMP) has been developing Standards and Recommended Practices (SARPs) for Wireless Avionics Intra-Communication (WAIC). The availability of SARPs is a necessary prerequisite for the development and deployment of WAIC systems, according to Resolution 424 of World Radiocommunication Conference 2015. That resolution created a new aeronautical mobile (route) service allocation for WAIC in the radio frequency band 4 200 – 4 400 MHz and required that WAIC must not cause harmful interference to radio altimeters that are operated worldwide under the aeronautical radionavigation service allocation in that same frequency band. The Job Card requested the FSMP to develop SARPs that will provide technical conditions for safe coexistence of WAIC systems on one aircraft with radio altimeters and WAIC systems on other aircraft. Further, the Job Card requested the FSMP to rely whenever possible on detailed technical specifications to be developed by EUROCAE and RTCA.
The discussions on WAIC led to a point at which some administrations requested a drastic reduction of the permissible total radiated power of a WAIC system. In contrast to the initial assumption of a permissible equivalent isotropic radiated power spectral density of 6dBm/MHz which is equivalent to a total power of +29dBm within the allocated bandwidth of 200 MHz, the request leads to a permissible total e.i.r.p. level of -20dBm in the worst case radiation direction. This corresponds to a power reduction of 49dB. This situation led to severe concerns with respect to the feasibility of a WAIC system implementation and the overall remaining value of the allocation within the group WAIC proponents.
Meanwhile, detailed feasibility studies were conducted including practical testing aiming at an improved understanding of the situation. As a result of these studies it is believed that although the requested power reduction has a significant impact on the WAIC application space, reliable wireless communication over reasonable distances remains possible. However, a modulation and coding scheme optimized for operation at the consequentially low Signal-to-Noise power ratios at the WAIC receiver is required. A simple adaptation of COTS communications technology to the WAIC frequency allocation is not possible in this case any longer, with the consequential economic impact.
Besides the above aspect, the WAIC system’s transmitter spectrum and receiver characteristics were not conclusively addressed within the FSMP WG.
This working paper, therefore, proposes updates to the draft SARPs text and makes the attempt to provide conclusive answers to the following three aspects:
· WAIC System’s Total Radiated Power
· Unwanted Emission Limits for a WAIC Transmitter and System
· Out-of-Band Interference Tolerance of a WAIC Receiver
The proposed amendments to the draft SARPs are the result of a number of consultations among interested parties and although, due to time constraints they were not yet discussed within the WAIC Correspondence Group, it is believed that this proposal may help to address the concerns of some Administrations addressed during past meetings of the FSMP WG.

2. DISCUSSION
WAIC System’s Total Radiated Power
For the WAIC system’s permissible total radiated power it is proposed to substitute the original value of an equivalent isotropic radiated power spectral density of 4mW/MHz with a total equivalent isotropic radiated power level of -20dBm. With this proposal it is believed that full compliance with the assumptions taken for the sharing studies contained in Report ITU-R M.2319 is ensured, which was requested by some Administrations.
Unwanted Emission Limits for a WAIC System
With respect to the unwanted emissions emanating from a WAIC system, it is proposed to split up the requirements specification into the following three elements:
1. Out-of-Band Emission Limits for a WAIC Transmitter
2. Spurious Emission Limits for a WAIC Transmitter
3. Limits for Unwanted Emissions for a WAIC transmitter falling into the adjacent allocated frequency bands
The proposed out-of-band emission limits comply with the provisions for aeronautical transmitters within Recommendation ITU-R M.1541-6. The resulting definitions are now included into the proposed new section xx.4.3.1 of the draft SARPs text.
The proposed spurious emission limits comply with the provisions for Category B short range radio devices within Recommendation ITU-R SM.329. The resulting definitions are now included into the proposed new section xx.4.3.2 of the draft SARPs text.
The proposed limits for unwanted emissions for a WAIC transmitter falling into the adjacent allocated frequency bands comply with the provisions in Recommendation ITU-R SM.1540. The resulting definitions are now included into the proposed new section xx.4.3.3 of the draft SARPs text.
Out-of-Band Interference Tolerance of a WAIC Receiver
With regards to transmitters operating within the adjacent allocated frequency bands, blocking of a WAIC receiver is the dominating effect to protect against. Modern receiver designs can accept maximum blocking levels of -20 dBm incident at the receiver’s input port. It is, therefore, proposed to increase the blocking level from -30 dBm to -20 dBm and to remove the requirement for a minimum Frequency Dependent Rejection (FDR) against out-of-band interferers. The reason for that is that it is practically not viable to implement an RF-domain bandpass filter providing significant attenuation for signals in the adjacent frequency bands. The increased blocking level provides a more effective protection.
Another proposed modification refers to the tolerable portion of the signal energy from transmitters operating within the adjacent allocated frequency bands but falling within the allocated bandwidth from -101 dBm/MHz to -120 dBm/MHz. The newly proposed value corresponds to a noise enhancement of 1dB or an I/N of -6dB, which is a common protection requirement.
Discussion Summary
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. The meeting is invited to consider the proposed amendments to the draft SARPs text. 
3. ACTION BY THE MEETING
The meeting is invited to note and review the contents in the Annex of this Working Paper.
— END —
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. 
	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.



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
xx.3.1
WAIC Systems shall comply with the applicable provisions of the ITU Radio Regulations.
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-xxx and the EUROCAE document ED-xxx 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 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 and the EUROCAE document ED-xxx provide one acceptable method of demonstrating compliance with xx.3.4 via test. Alternatively, the critical coexistence scenario described in DO-xxx and ED-xxx may also be used to develop appropriate analyses to demonstrate compliance with xx.3.4.
	Origin:
FSMP
	Rationale:
The sections above describe the basic function and purpose of WAIC.



xx.4
RADIO FREQUENCY (RF) CHARACTERISTICS
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 of the total emissions of all WAIC transmitters on board an aircraft shall not exceed an equivalent isotropic radiated power of -20dBm assuming a point source located at the geometrical center of the aircraft. 
Note: The RTCA document DO-xxx and the EUROCAE document ED-xxx provide one acceptable method of demonstrating compliance with xx.4.2. 
xx.4.3
Unwanted Emission Limits for a WAIC Transmitter:

The unwanted emission mask for a WAIC transmitter is specified in terms of power in a reference bandwidth relative to the WAIC transmitter's mean power. Unwanted emissions comprise emissions in the Out-of-Band Domain (OoBD) and Spurious Domain (SD) in agreement with Recommendation ITU-R SM.1541-6. The boundary between the OoBD and SD for these emission masks is 250% of the necessary bandwidth, in agreement with Appendix 3 of the Radio Regulations. For a WAIC transmitter the necessary bandwidth is defined as the 3dB-bandwidth of the transmit signal.
xx.4.3.1

Out-of-Band Emission Limits for a WAIC Transmitter:

The required attenuation of the mean power of any unwanted emission in the out-of-band domain relative to the mean power of the WAIC transmitter, shall fulfill the following conditions:

>= 25 dB, for 50% of NB < f < 150% of NB (OoB) within a reference bandwidth of 4kHz

>= 35 dB, for 150% of NB < f < 250% of NB (OoB) within a reference bandwidth of 4kHz
xx.4.3.2

Spurious Emission Limits for a WAIC Transmitter:

For emissions of a WAIC transmitter falling into the spurious domain the total average signal power is required to be  < -30dBm for a reference bandwidth of 1MHz in agreement with ITU-R SM.329 for Category B short range radio devices.
xx.4.3.3

Limits for Unwanted Emissions for a WAIC transmitter falling into the adjacent allocated frequency bands:
To limit unwanted emission into adjacent allocated frequency bands, the upper and lower frequency limits of a WAIC transmitter’s “occupied bandwidth” shall be located within the frequency band 4 200 – 4 400 MHz, where the  “occupied bandwidth” is defined as the bandwidth of the WAIC transmit signal for which 99% of the signal energy falls within these lower and the upper frequency limits in agreement with Rec. ITU-R SM.1540.


	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	





xx.4.4
Out-of-Band Interference Tolerance of a WAIC Receiver:
· 
· WAIC receivers shall tolerate interference from sources operating outside of the frequency band 4 200 – 4﻿﻿﻿﻿﻿ 400 MHz whose total combined power as measured at the WAIC receiver does not exceed ‐20 dBm.
· WAIC receivers shall 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 does not exceed a power spectral density of ‐120 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-xxx and the EUROCAE document ED-xxx provide one acceptable method of demonstrating compliance with xx.5.1 via test. Alternatively, the critical coexistence scenario described in DO-xxx and ED-xxx may also be used to develop appropriate analyses to demonstrate compliance with xx.5.1.
— — — — — — — —
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