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	SUMMARY

	This Working Paper, developed within the framework of the Aerospace Vehicle Systems Institute (AVSI), provides an overview of the activities that are deemed necessary for the introduction of future WAIC systems. The information contained herein is considered a useful basis for discussing the role of ICAO in the context of WAIC in general and in sharing and compatibility studies that have to be undertaken in the course of WRC-15 agenda item 1.17 in particular. It attempts to provide a comprehensive overview about all required activities to make WAIC systems become a reality. As such the material contained herein goes beyond spectrum regulatory activities. Topics such as the development of guidance material for airworthiness certification of WAIC-enabled avionics systems and the need for standardization of these systems are discussed. This Working Paper represents the status of the discussions at the time of its writing. As such it represents a snapshot of the current understanding of the situation. It is expected that as a consequence of further discussions on the matter, updates and extensions will be made to the presented material.

	ACTION

	· to confirm the spectrum demand of 239 MHz for WAIC systems

· to confirm the roles of ITU-R and ICAO in performing compatibility and sharing studies as detailed in section 4 of this Working Paper

· to recognize that a number of additional parallel activities as detailed in this Working Paper must be performed to develop the necessary processes, standards and guidance material that will be needed to support the development, implementation, test and certification of WAIC systems


INTRODUCTION

WRC-15 agenda item 1.17 seeks to find suitable radio frequency spectrum for a new kind of aeronautical communications systems known as Wireless Avionics Intra-Communications (WAIC) that will be used to provide safety related functions. The term WAIC subsumes a multitude of different wireless communications applications on-board an aircraft (see also preliminary draft ITU-R Report M.[WAIC_CHAR_SPEC]). From technical perspective, WAIC systems will communicate over a relatively short distance, however, the involved communication devices cannot be classified as short range devices (SRDs). This is because SRDs are normally ground-based and are operated on a licence-exempted and hence non-protection / non-interference basis. WAIC communications are considered to be ‘safety communications’ (see also Resolution 423 (WRC-12)) hence a regulatory solution much more like the classical ‘aeronautical safety service’ is required. The combination of short-range communications and the safety aspect is what makes the proposed WAIC concept unique.

Modern commercial passenger aircraft have become overwhelmingly complex and experience from recent aircraft programs has shown that the development of such a new aircraft imposes tremendous economic risks. Much of the complexity can be associated to electrical wiring between system components. Aircraft manufacturers expect that this complexity will further increase, at the same time airlines expect more flexibility in both, late design changes while the aircraft is in the production phase and in the re-configurability of functions while the aircraft is in operation. WAIC systems are seen as one means of enabling these increasingly important aspects, as well as providing weight and fuel reductions as well as improved reliability at the functional level.

Before spending significant engineering and other non-recoupable costs, the aviation industry must be assured that suitable radio frequency (RF) spectrum is made available for WAIC system operation. Therefore, an ITU decision at the 2015 World Radiocommunication Conference (WRC-15) to change the Radio Regulations, based upon compatibility and sharing analyses between WAIC and incumbent systems is necessary prior to designing, building and testing WAIC systems on aircraft.
Being granted suitable radio frequency (RF) spectrum by WRC-15 to allow WAIC systems to be implemented, however, is only one part of the overall challenge. A regulatory framework to support the certification of WAIC systems will need to be established and technical standards and certification guidance material to support its implementation and use will also have to be developed.

This document is intended to provide an introduction to WAIC and an overall view on the activities which are deemed necessary in order to allow WAIC systems become a reality. It also discusses which organizations should be responsible for each of the various tasks.

WAIC System Overview
1.1 WAIC System Architecture

Wireless capabilities could be built into existing avionics components, such that they simply substitute wired interconnects between these components, without changing the actual systems’ architecture. Such an approach might be favourable for a stand-alone wireless solution aiming to introduce improvements to an existing aircraft (retro-fit). The aim of the WAIC initiative, however, goes far beyond a simple add-on concept. The idea of a WAIC-enabled aircraft assumes that a wireless network infrastructure (the WAIC system) provides communication services to all safety-of-life systems (or applications) that can make use of these services. Rather than adding wireless links here and there, on a point-to-point communications basis, the objective of WAIC is to establish a radio network infrastructure with a centralized resource management that allows for an efficient use of spectrum. This infrastructure at best spans the entire aircraft to attach as many different safety-of-life systems to it as possible. A generic WAIC system architecture which serves this goal is illustrated below in Figure 1. Dedicated gateway nodes serve certain areas inside or outside the fuselage hereafter named as ‘cells’. In this example there are seven cells that are located inside the fuselage and eight cells that are located outside the fuselage. Each cell contains one or more gateway nodes and a number of end nodes. It is worthwhile noting at this point, that it is expected that two types of gateway nodes are required to serve the vastly different requirements of the, WAIC low data rate and high data rate applications. Altogether for the system architecture depicted in Figure 1 this means that the cells are made up by eleven high-rate internal (HI) gateways, eleven low-rate internal (LI) gateways, eight high-rate outside (HO) gateways and eight low-rate outside (LO) gateways. An actual WAIC system will be sized to suit the particular aircraft it is installed on.
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Figure 1: Generic WAIC System Architecture

1.2 WAIC Key Technical Characteristics

Table 1, below summarizes the key technical parameters of WAIC systems according to preliminary draft ITU-R Report M.[WAIC_CHAR_SPEC]. It is important to note, that WAIC low data rate and high data rate systems are expected to utilize different wireless interfaces employing different modulation and coding schemes and different communication protocols.

	
	Low data rate systems
	High data rate systems
	Units

	Total net average data rate per aircraft
	1.25
	30.7
	Mbps

	Total net peak data rate per aircraft
	2.3
	161.8
	Mbps

	Overall spectrum demand
	94*
	145*
	MHz

	Spectrum demand per aircraft
	26**
	80**
	MHz

	number and location of simultaneously active transmitters per channel
	1
	1
	-

	Antenna gain (RX and TX)
	3
	3
	dBi

	Max. transmission power
	10
	50
	mW

	3-dB emission bandwidth
	2.6
	20
	MHz

	20-dB emission bandwidth
	6
	22
	MHz

	40-dB emission bandwidth
	12
	60
	MHz

	Receiver IF-bandwidth
	2.6
	20
	MHz

	Thermal noise floor (kBT)+
	–110
	–101
	dBm

	Receiver noise figure
	10
	10
	dB

	Required signal-to-noise ratio++
	9
	12+++
	dB

	Receiver sensitivity#
	–91
	–79
	dBm

	Protection criterion (I/N)##
	0
	0
	dB


1.3 WAIC Spectrum Requirements

The overall spectrum demand for WAIC systems as derived in preliminary draft ITU-R Report M.[WAIC_CHAR_SPEC] is 239 MHz. This value takes into account protocol and security overheads as well as additional RF spectrum needed to allow for resolving interference situations in areas of high aircraft density, such as airports. The spectrum demand is made up of 94 MHz for low data rate communications and 145 MHz for high data rate communications. Since these values are based on the assumption that all WAIC applications identified in preliminary draft ITU-R Report M. [WAIC_CHAR_SPEC] are simultaneously implemented on the majority of the international civil commercial aircraft fleet, they can be interpreted as the long-term projected spectrum need for WAIC systems. It is further important to note that neither for low data-rate nor for high data-rate WAIC systems frequency spectrum has to be allocated as a continuous RF-block. It is conceivable, that WAIC needs can be met with allocations in multiple frequency bands. However, the goal is to keep the number of these allocations as small as possible. The sharing scenario in a specific band will show how the spectrum requirements can best be split regarding the different WAIC application categories.
WRC Agenda Item 1.17

As explained above, WAIC essentially deals with safety-related short range communication onboard aircraft. WRC-12 came to the conclusion, that in order to support WAIC systems the radio regulations have to be changed and consequentially WRC-15 agenda item 1.17 “to consider possible spectrum requirements and regulatory actions, including appropriate aeronautical allocations, to support wireless avionics intra-communications (WAIC), in accordance with Recommendation 423 (WRC-12)” was adopted.

ITU-R Resolution 423 (WRC-12) calls for WRC-15 to consider, based on the results of ITU-R studies, possible regulatory actions, including appropriate aeronautical allocations, to support the implementation of WAIC systems, while taking into account spectrum requirements for WAIC and protection requirements for systems operating in accordance with existing allocations. When conducting studies frequency bands within existing worldwide Aeronautical Mobile Service (AMS), Aeronautical Mobile (Route) Service (AM(R)S) and Aeronautical Radionavigation Service (ARNS) allocations are to be considered. If requirements cannot be met within the frequency bands allocated to these services, then frequency bands above 15.7 GHz also need to be reviewed and analyzed.

Given the safety and regularity of flight nature of WAIC applications, the international aviation industry came to the conclusion, that the AM(R)S is the most appropriate service to cover WAIC. This view is also supported by the International Civil Aviation Organization (ICAO).

Role of ITU-R and ICAO in conducting sharing and compatibility studies for WAIC

The international civil aviation industry is of the opinion that the discussions of options to solve agenda item 1.17 should be kept within ICAO as far as possible. This will allow a consensus to be agreed among the civil aeronautical stakeholders prior to expanding the discussion into the relevant ITU-R bodies. However, it has also to be recognized, that the WRC-15 study cycle is very short and the Conference Preparatory Meeting (CPM) text needs to be agreed by the ITU-R Working Party 5B meeting in November 2013. This will make it difficult to discuss all contributions (study results) within ICAO before they are submitted to the ITU.

The following rules regarding the discussion of the studies and their results with ICAO are proposed:

1. Studies between WAIC and systems under the purview of ICAO should be agreed to the greatest extent possible within ICAO to prevent unnecessary discussions within ITU (the very tight schedule of the WRC-15 study cycle could however become an issue).
2. Compatibility studies for the off-board interference scenarios (WAIC and incumbent system not co-located onboard the same aircraft) involving ICAO-standardized systems should be handled solely within ICAO, there is no need to treat this aspect outside of ICAO.
3. Compatibility studies for the off-board interference scenarios between WAIC and non-internationally standardized aeronautical systems must be addressed within the relevant ITU-R bodies.

4. Compatibility studies for the on-board interference scenarios involving co-located WAIC and incumbent systems on the same aircraft should be treated in the course of the airworthiness certification using established qualification processes and regulatory requirements. It has to be clarified to what extend ICAO needs to be involved in this process.
Regarding the example of the radio altimeter band (4 200 – 4 400 MHz), which is one of the bands under consideration by the group of WAIC proponents; applying the above rules would mean, that the sharing scenario “WAIC coexistence with civil radio altimeters (not co-located)” will be taken care of within ICAO. Studies addressing coexistence of WAIC systems and the Earth Exploration Satellite Service as well as the Fixed Service in the band will have to be taken care of within the relevant ITU-R Working Parties. The case of “WAIC coexistence with civil radio altimeters (co-located)” on board the same aircraft will be taken care of by the normal airworthiness certification process. This will be supported (as necessary) by the development of appropriate certification guideline material and associated standardization activities e.g. within RTCA, EUROCAE and ARINC.

In any case, in order to be able to conduct the sharing and compatibility studies, as well as progressing standardization and certification activities, the overall technical characteristics of WAIC systems, including the estimate for the required amount of spectrum, must be agreed upon. Preliminary Draft ITU‑R Report M.[WAIC_CHAR_SPEC] contains a definition of the technical characteristics for WAIC systems and the method used to calculate the overall spectrum demand This document is already being used to conduct sharing and compatibility studies. For the acceptance of any sharing study activity for WRC-15 agenda item 1.17, it is very important that the civil aviation community finds agreement on these key technical characteristics of WAIC systems and particularly on the amount of spectrum required to satisfy WAIC system needs.
THE Need for WAIC StandardS
A very important question for the successful introduction of WAIC systems is to what extent standardization is required. On one hand it is very likely that WAIC systems must fulfil certain minimum capabilities regarding their self-organization. It will for instance be important that a WAIC system onboard one aircraft be capable of recognizing the transmissions of a WAIC system on-board another nearby aircraft and, if necessary, to adapt its own resource utilization in order to avoid mutual interference and associated performance degradation. On the other hand any system incumbent to the frequency band(s) finally chosen for WAIC will likely impose certain requirements regarding interference mitigation capabilities to ensure that harmful interference does not occur. For these reasons a standardization effort is considered necessary. RTCA, EUROCAE and ARINC are considered suitable standards bodies which could take the lead in developing minimum technical requirements for WAIC systems in order to fulfil the above needs. However this standardization activity is unlikely to be started prior to a successful resolution of WRC-15 agenda item 1.17 due to large amount of effort and associated costs that will be required.

Another motivation for standardization could be interoperability between WAIC system components from different system suppliers. Since interoperability is driven by commercial rather than regulatory requirements, this aspect is not specifically addressed in this paper.
WAIC System Airworthiness Certification Guideline Development and performance qualification standardization
The introduction of wireless information transmission means into aeronautical systems that provide safety-related functions is a novelty which raises many basic questions. These questions should be addressed generally and corresponding processes and methodologies for treating them should be developed prior to launching the airworthiness certification process of an actual system. For instance the assessment of integrity and reliability of a radio link is one such basic question. Furthermore, new security aspects which are not an issue in wired systems may arise with the introduction of wireless links carrying safety-related information. In order to address these issues the development of processes and methodologies to aid the certification process will be of great benefit for all involved parties, be it the system manufacturers, aircraft manufacturers or the airworthiness certification authorities. One such activity has recently been launched with the initiation of a new EUROCAE working group (WG-96).
WG-96 “Wireless Intra-Aircraft Communications” states the following in its Terms of Reference:
“In many sectors of the aviation industry, development of different kinds of wireless technologies and applications have been launched without harmonisation and standardisation on compatible technologies, standards, design assurance or safety aspects. In particular, the lack of a common safety guidance material and design assurance requirements will significantly delay the introduction of wireless technologies and applications in aviation products.”

and further

“WG-96 shall develop an international guidance material to provide a framework that supports the demonstration of airworthiness and safety requirements, and to ensure an integrity level determined by the safety requirements of client functions.”

The goal of WG-96 is the development of a Process Specification (PS) covering the above aspects.

The call for participation for WG-96 was sent out in January 2013 by EUROCAE to its members. It is expected that WG-96 will start its work in spring 2013 with an expected activity period of two years. It is further expected, that additional pre-certification activities such as the development of Minimum Operational Performance Standards (MOPS) and Minimum Aviation System Performance Standards (MASPS) will be necessary. These activities are assumed to be launched (but not finalized) prior to WRC-15. Both EUROCAE and RTCA are expected to be involved in these activities.
The minimum performance specifications produced by this WG will be referenced in the WAIC Certification Specifications (CS) that are developed by the airworthiness certification authorities (see section 8 below). The Certification Specifications will take the form of Technical Standard Orders (TSO) in the US, and European Technical Standard Orders (ETSO) in Europe.
Development of Standards and Recommended Practices

Standards and Recommended Practices (SARPS) are technical specifications that are adopted and published by ICAO. The SARPS are the linking element between the radio regulations and the applicable aeronautical standards and guidelines. Since it is expected, that any regulatory provision in consequence of WRC-15 agenda item 1.17 will be restricted to internationally standardized aeronautical systems in general, and to WAIC systems that provide safety-related functions in particular, this will require ICAO to develop SARPS for WAIC systems. It is understood, that this will invoke the use of Article 30 of the Convention on International Civil Aviation, which deals with the mutual recognition of transmitter licenses among ICAO member states, and Article 37 which deals with the adoption of international standards and procedures. ICAO will have to decide on the appropriate time to start developing SARPS for WAIC systems. However, it is expected that ICAO will not start this process prior to the development of MASPS and MOPS through RTCA and EUROCAE.

WAIC System Airworthiness Certification

An effective way to prepare the airworthiness certification of WAIC systems is to establish a ‘rulemaking task’ with the aim to obtain a harmonized FAA (Federal Aviation Authority) /EASA (European Aviation Safety Agency) regulation in the form of a Certification Specification (CS)-TSO or CS-ETSO (see section 6 above). This CS should contain general requirements for WAIC systems as well the Acceptable Means of Compliance (AMC) which are to be used to assess for a particular WAIC system implementation, whether these requirements are complied with. A joint FAA/EASA rulemaking working group will be necessary to develop this CS. The involved organizations would be obviously FAA and EASA, but also industry bodies such as aircraft manufacturers and system suppliers.
In general it is proposed to initiate the dialogue with airworthiness certification authorities well before the end of the “performance qualification specification” phase. This would allow an early exchange of views. A joint EASA/FAA rulemaking working group should be initiated as soon as “mature” guidance material is available from RTCA and EUROCAE. The development of a CS typically lasts two years.
Conclusion

This document presents an overview of the various activities deemed necessary to support the successful introduction, certification and eventual deployment of WAIC systems on aircraft.
First and foremost is the need to justify the requested spectrum demand and to perform sharing studies to establish the frequency bands that WAIC systems could safely operate without impacting (or being impacted by) other users in the particular band(s). The required sharing studies fall into two main categories; on-board coexistence and off-board coexistence.
It is believed that the off-board coexistence studies that only affect aeronautical equipment governed by ICAO standards should be dealt solely within ICAO. Likewise, it is proposed that the on-board coexistence studies that only affect other items of standardized avionics equipment are dealt with as part of the normal avionics equipment certification process. Hence, it is only the compatibility studies for the off-board coexistence scenarios involving aeronautical equipment that is not governed by international standards that needs to be addressed within the relevant ITU-R Working Groups.
In addition, it is recognized that a number of additional parallel activities must be performed to develop the necessary processes, standards and guidance material that will be needed to support the development, implementation, test and certification of WAIC systems. These activities must be started as soon as possible, but cannot be concluded prior to a decision by the 2015 World Radiocommunication Conference. These parallel activities will develop; certification guidance material, Standards And Recommended Practices, Minimum Operational Performance Specifications and interoperability specifications. Work on these activities has already started with the initiation of a dedicated EUROCAE Working Group, and will begin in other groups when appropriate.
Support by aviation regulators and the aviation industry is critical to the success of any pro-active aviation attempt to obtain spectrum for new ideas and technology implemented on aircraft. ICAO Working Group F’s support for this effort therefore is of extreme importance.
Action by WG-F
The following actions for WG-F are identified in this Working Paper:
· to confirm the spectrum demand of 239 MHz for WAIC systems

· to confirm the roles of ITU-R and ICAO in performing compatibility and sharing studies as detailed in section 4 of this Working Paper
· to recognize that a number of additional parallel activities as detailed in this Working Paper must be performed to develop the necessary processes, standards and guidance material that will be needed to support the development, implementation, test and certification of WAIC systems
*		values take into account protocol and security overhead as well as a certain overhead factor required to resolve interference situations in areas of high aircraft density such as airports.


**		values reflect spectrum demand assuming a single aircraft and no mutual interference with other WAIC system equipped aircraft, i.e. these values are the overall spectrum demand values divided by the multiple aircraft factor derived in section 5.4. of ITU-R Report M.[WAIC-CHAR_SPEC]


+		applicable for T = 293 Kelvin.


++		values are applicable for Additive White Gaussian Noise (AWGN) channel conditions.


+++		value taken from assuming BPSK modulation and code rate ½ forward error correction


#		Receiver sensitivity criterion intended to be used for sharing scenarios involving onboard interferers.


##		I/N protection criterion intended to be used for sharing scenarios involving off-board interferers.
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