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	Consideration of the aeronautical mobile (route), aeronautical mobile,
and aeronautical radionavigation services allocations to accommodate
wireless avionics intra-communications (WAIC)


1
Statement of work

At the 2012 World Radiocommunication Conference (WRC-12), a new agenda item on Wireless Avionics Intra-Communications (WAIC) was approved for the 2015 World Radiocommunication Conference (WRC-15). This agenda item (AI 1.17) is to consider spectrum requirements for WAIC systems and reads as follows:

to consider possible spectrum requirements and regulatory actions, including appropriate aeronautical allocations, to support wireless avionics intra-communications (WAIC), in accordance with Resolution COM6/22 (WRC‑12);

At the Conference Preparatory Meeting for WRC-15 (CPM15-1), ITU-R Working Party 5B was designated as the “Responsible Group” and is tasked with drafting CPM15-2 output text for this agenda item.
2
Proposal

In order to address agenda item 1.17, this Report provides a brief description of radio frequency bands currently utilized by civil aviation. Frequency bands considered in this Report are either allocated to the Aeronautical Mobile (Route) Service (AM(R)S), the Aeronautical Radionavigation Service (ARNS), or the Aeronautical Mobile Service (AMS) and are below 15.7 GHz. These frequency bands are to be initially examined.
3
Discussion

3.1
Review of existing aeronautical spectrum below 15.7 GHz

In order to determine appropriate radio frequency bands for WAIC applications, ITU-R Resolution 423 (WRC-12) invites ITU-R 1 calls “to conduct, in time for WRC-15, the necessary studies to determine the spectrum requirements needed to support WAIC systems”. In invites ITU-R 3 it is further detailed that ITU-R should first consider bands within existing worldwide Aeronautical Mobile Service (AMS), Aeronautical Mobile (Route) Service (AM(R)S) and Aeronautical Radionavigation Service (ARNS) allocations below 15.7 GHz. Should the spectrum requirements for WAIC systems not be met in this range, then additional bands above 15.7 GHz will be considered.

In accordance with ITU-R Resolution 423 (WRC-12) invites ITU-R 3, this Report considers current aeronautical allocations and usage by radio services in these bands. Based on the characteristics of these existing services, it provides an indication of bands most likely to be compatible with WAIC.
Spectrum planning for WAIC systems design involves considering regulatory requirements that assure the safety of aircraft and the flying public, spectrum availability, system compatibility, protection criteria and the bandwidth required for new services. Because WAIC systems will require a certain level of availability, reliability and integrity, these communications links must be located in spectrum whose characteristics are well controlled, in order to enable the levels of performance and reliability required.

There are also technical limitations that drive spectrum candidacy. For example, antenna size limitations may preclude using spectrum below approximately 1 GHz (see section 4.2.1). It is also well known that the frequency range between 900 MHz and 6 GHz is among the most heavily congested spectrum worldwide due to its widespread use for mobile and other radio communications. Because of the antenna size limitations and restrictions in power consumption, the list of possible candidate aeronautical radio frequency bands in this Report will be considered from 960 MHz up to 15.7 GHz.

Table 1 provides a list of the radio frequency bands above 960 MHz having an AMS, AM(R)S, or ARNS allocation. Section 4 provides initial criteria used to determine whether a frequency band should be further studied. Annex 1 shows an indication of whether a frequency band has potential for compatibility with WAIC systems as explained in greater detail in Section 5.

It is further highlighted here, that the assumption for the total spectrum requirement for WAIC systems is a maximum of 239 MHz as derived and discussed in detail in ITU-R PDNR M.[WAIC_CHAR_SPEC].
Table 1

Existing aeronautical allocations under consideration for potential sharing/compatibility with WAIC systems
	Band
	Service
	Use

	960 - 1 164 MHz
	AM(R)S/ ARNS
	Airport Communications/ Distance Measuring Equipment (DME), 
Secondary Surveillance Radar


	1 164 - 1 215 MHz
	ARNS/ RNSS
	DME, Universal Access Transmitter (UAT)/ 
GNSS (GPS, Galileo)

	1 300 - 1 350 MHz
	RLS/ 
ARNS/ RNSS
	GNSS/ 
Primary Surveillance Radar

	1 559 – 1 610 MHz
	ARNS/ RNSS/ FS (on second. basis in some countries until January 1, 2015)
	Aeronautical Radionavigation/ 
GNSS (GPS, GLONASS)/ Microwave Link

	1 610 - 1 626.5 MHz

	ARNS/ MSS/ RAS/ RDSS/ AMS(R)S

	Satellite communications

	2 700 - 2 900 MHz
	ARNS/ RNS/ RLS
	Primary Surveillance Radar/ Meteorological Radar

	4 200 - 4 400 MHz
	ARNS/ EESS(passive) (on secondary basis)/ FS (on second. basis in some countries)
	Radio Altimeter/ Radiometer/ Microwave Link

	5 000 - 5 150 MHz
	AMS(R)S/ ARNS/ RNSS/
 AM(R)S/
 AMS
	Command and Control link for Unmanned Aerial Systems, Microwave Landing System (MLS), Flight Testing, Airport Surface Communications

	5 350 - 5 460 MHz
	EESS(active)/ RLS/ ARNS/ SRS
	Spaceborne Sensor/ Ground-based Weather Radar/ Airborne Radar

	8 750 - 8 850 MHz
	RLS/ ARNS
	Airborne Doppler Radar

	9 000 - 9 200 MHz
	RLS/ ARNS/ MRNS
	Precision Approach Radar, 
Airport Surface Detection Equipment (ASDE)/ Shore-based Maritime Radar

	13.25 - 13.4 GHz
	EESS(active)/ ARNS/ SRS
	Spaceborne Scatterometers/ Airborne Doppler Radar

	15.4 - 15.7 GHz
	RLS/ ARNS/ FSS
	ASDE/ Feeder Link of non-geostationary systems in the mobile-satellite service

	AM(R)S:

Aeronautical Mobile (Route) Service

AMS:

Aeronautical Mobile Service

AMS(R)S:
Aeronautical Mobile-Satellite (Route) Service

ARNS:

Aeronautical Radionavigation Service

MRNS:

Maritime Radionavigation Service

MSS:


Mobile-Satellite Service

RAS:


Radioastronomy Service

RLS:


Radiolocation Service

RDSS:

Radio Determination Satellite Service

RNS:


Radionavigation Service

RNSS:

Radionavigation-Satellite Service


4
Criteria for considering potential candidate aeronautical frequency bands for sharing studies

Based on the criteria mentioned below, the frequency bands provided in Table 1 are evaluated regarding their expected level of suitability for WAIC systems and categorized into the following categories.
Category 1:
Frequency bands containing systems with a higher level of expected compatibility with WAIC. They are candidates for initial evaluation.
Category 2:
Frequency bands which may impose a number of operational limitations on WAIC, and will require a more detailed and complex analysis.
Category 3:
Frequency bands expected to impose significant limitations to an additional WAIC allocation and with little probability to be suitable for co-existence with WAIC systems.
4.1
Regulatory requirements

Resolution 423 (WRC-12) invites the ITU-R to consider only existing AMS, AM(R)S and ARNS allocations if targeted frequency bands are below 15.7 GHz.
4.2
WAIC requirements
4.2.1
Technical suitability of frequency band
A large portion of the WAIC applications identified in ITU-R PDNR M.[WAIC_CHAR_SPEC] requires use of small form-factor sensors. A small form-factor for these WAIC system components is essential, 
considering that the primary motivation for the introduction of WAIC systems is replacement of wiring onboard aircraft and to benefit from associated improvements in terms of weight, installation complexity and aircraft reconfigurability. Due to required WAIC components’ small form-factors, antenna size is limited. Since antenna size is inherently related to frequency, frequency bands below approximately 1 GHz are considered not suitable for a WAIC system implementation. Below this frequency limit antennas would become excessively large. On the other hand there is also an inherent limitation for the upper frequency limit. This limit varies for the different WAIC system applications (e.g. energy-limited wireless sensors in the low data rate WAIC system category or wireless video cameras in the high data rate WAIC system category). It can generally be assumed that sensor applications can best be realized in frequency bands between approx. 1 and 6 GHz, whereas applications where energy is less critical (e.g. an installed and line-powered video camera) the upper frequency limit could be considerably higher than 6 GHz, depending on the propagation environment. Due to the above arguments frequency bands between approximately 1 GHz and 15.7 GHz (the highest aeronautical allocation) containing allocations to one or more of the aeronautical services referenced in section 4.1 above are considered in this Report.
4.2.2
Size of the frequency band/ available bandwidth
Considering the estimated spectrum demand for WAIC systems of 239 MHz and following the target to minimize the number of non-contiguous bands required, frequency bands with a size of less than 50 MHz may not be appropriate.
4.2.3
Existing AM(R)S allocation

Frequency bands with an existing AM(R)S allocation should be preferred in order to keep changes to the Radio Regulations as small as possible.
4.2.4
Level of global harmonization

It is required that the frequency bands utilized for WAIC systems are globally harmonized, because commercial aircraft fly in or over every country in the world. Hence, for ensuring a harmonized regulatory status it is essential to have a globally applicable spectrum allocation.
4.2.5
Current systems in the band

The incumbent systems in the aeronautical band, their total spectrum requirements to maintain existing operations and their specific requirements will affect the feasibility of adding a new WAIC allocation. Bands with existing aeronautical services and a low number of non-aeronautical systems will enable greater coordination with an on-board WAIC system.

4.2.6
Potential interference scenario/risks

Any proposed WAIC allocation will require detailed compatibility studies with existing systems to confirm protection from harmful interference. However, there are known service attributes which impose limitations on a new WAIC allocation, such as stringent protection requirements for an allocated service, classification as safety service, radiated power, sensitivity to interference, anticipated level of acceptable interference and identification of adequate measures to ensure co-existence such as e.g. antenna placement or other mitigation techniques.
4.2.7
System control and location
An incumbent system, whose transceivers are installed on and controlled by the aircraft, will provide options for WAIC systems to synchronize transmissions with that incumbent system installed on the same aircraft. Furthermore, it will allow for transceiver coordination (e.g. maximizing isolation between WAIC and incumbent system’s antennas) and that cannot be achieved with ground based or mobile transceivers.


4.2.8
Other (non-technical) regulatory obstacles

If other regulatory or political reasons are known which could prevent the global use of a particular band for WAIC systems they should be considered.




5
Aeronautical radio frequency bands
5.1
Frequency bands below 960 MHz

WAIC systems will be designed to transmit over a limited distance, e.g. the length of an aircraft or the distance from the wing tip to the fuselage. The vast majority of WAIC systems will transmit over a very short distance which is significantly less than the length of an aircraft. WAIC systems are not practicable at frequencies below around 1 GHz, due to antenna size requirements and the general lack of space on an aircraft (see above).
5.2
The 960 - 1 164 MHz frequency band

5.2.1
Current allocations and systems in the band

The radio frequency band 960 - 1 164 MHz is currently used for the ARNS and AM(R)S. Use of this band by the systems operating in the AM(R)S is limited to systems that operate in accordance with recognized international aeronautical standards in accordance with Resolution 417 (WRC-07). Use by the ARNS is reserved for operation of airborne electronic aids and associated ground facilities.
The frequency band 960 - 1 164 MHz is a prime radionavigation frequency band used to support a number of aviation systems, for both civil and governmental purposes. There are many civil aviation systems utilizing this radio frequency band. A short description of the civil systems is provided below:
–
Distance Measuring Equipment (DME): DME is the ICAO standard system for the determination of the distance between an aircraft and a ground-based DME beacon within radio line-of-sight, using pulse techniques and time measurement. DME/N is the standard system used for en-route and terminal navigation. It can be co-located with VOR enabling the aircraft’s position to be determined through a measurement of its bearing and the distance relative to the VOR/DME. Alternatively, the aircraft’s position can be determined through measurement of the distances from two or three DMEs and the flight management system equipment in the aircraft. DME/P is a precision version of DME with enhanced precision measurement capability which is used in conjunction with the Microwave Landing System (MLS) to provide accurate distance to landing.
–
Secondary surveillance radar (SSR): SSR is the ICAO standard system for air surveillance. It is used either as a stand-alone system or co-located and synchronized with a primary radar station. The ground equipment is an interrogator and the aircraft equipment is a transponder that responds to signals from the interrogator. All SSR installations operate on 1 030 MHz for the ground-to-air interrogation signal, and 1 090 MHz for the air-to-ground reply.
–
Airborne collision avoidance system (ACAS): ACAS is the ICAO standard system for detection and avoidance of airborne conflict situations. ACAS aircraft equipment interrogates transponders on aircraft in its vicinity and listens to the transponder replies. By processing these replies, the ACAS equipment determines which aircraft represent potential collision threats and provides appropriate display indication or advisories to the flight crew in order to avoid collisions. ACAS operates as a supplementary system to the SSR using the same frequency pair of 1 030 MHz and 1 090 MHz. 1 030 MHz is used for the air-air interrogation and 1 090 MHz for the air-air reply.
–
1 090 MHz extended squitter (1090ES): 1 090 MHz extended squitter transmissions from Mode S transponders or other non-transponder devices are used to broadcast information relating to the position of an aircraft, aerodrome surface vehicles, fixed obstacles or other related information. The broadcast can be received by airborne or ground-based receivers and can contain automatic dependent surveillance-broadcast (ADS-B) and/or traffic information service-broadcast (TIS-B) messages.

–
Universal access transceiver (UAT): ICAO has adopted SARPs and guidance material for UAT. This system is intended to support ADS-B data transmission as well as ground uplink services such as TIS-B and flight information service- broadcast (FIS-B). UAT employs time division multiple access (TDMA) technique on a single 1 MHz channel at 978 MHz and is dedicated for transmission of airborne ADS-B reports and for broadcast of ground-based aeronautical information.

The present internationally agreed channel plans for DME occupy the full band 960 - 1 164 MHz. The DME channel plan is displayed at Table A of Annex 10, Volume I, Chapter 3 of the Convention on International Civil Aviation. The arrangement of air-to-ground interrogations and ground-to-air replies showing the standard 63 MHz separation and the interleaving of X and Y channels is found in ICAO Document9718, Handbook on Radio Frequency Spectrum Requirements for Civil Aviation (5th Edition), page 7-71.

WRC-07 introduced an allocation to the AM(R)S in the band 960 - 1 164 MHz. The conditions for the use of this band are in Resolution 417 (WRC-12).
5.2.2
Initial assessment of the band

Due to the importance for aeronautical navigation and the intensive use of this frequency band by several navigation applications, the possible integration of WAIC systems requires extensive compatibility studies. Although the band already includes an AM(R)S allocation, the planned introduction of other new aviation systems in this band increases the complexity of the interference scenario and makes it doubtful that a reasonable amount of spectrum could be assured for the WAIC application. Therefore, this band is not a candidate for initial study and rated Category 2.
5.3
The 1 164 – 1 215 MHz frequency band

5.3.1
Current allocations and systems in the band

The 1 164 - 1 215 MHz frequency band is allocated to the ARNS and RNSS. It is utilized for the global navigation satellite system (GNSS). The frequency band is internationally allocated to these two services across all three regions. Use by the ARNS is reserved on a worldwide basis for the operation and development of airborne electronic aids to air navigation and any directly associated ground-based facilities. Stations in the RNSS shall operate in accordance with Resolution 609 (Rev.WRC-07) and shall not claim protection from stations in the ARNS in this frequency band. The use of the frequency band by systems and networks in the RNSS for which complete coordination or notification information, as appropriate, is received by the Radiocommunication Bureau after 1 January 2005 is subject to the provisions of Nos. 9.12, 9.12A and 9.13. Resolution 610 (WRC‑03) also applies.
The frequency band 1 164 - 1 215 MHz is a prime radionavigation frequency band which is used intensively, and extensively, to support a number of aviation systems. Several systems utilizing this frequency band are:

–
Distance measuring equipment: For details see section 5.2.1. The present internationally agreed channel plans for DME occupy the full frequency band 1 164 - 1 215 MHz.

–
The band 1 164-1 215 MHz is also used for GNSS and provides GPS/Galileo/Beidou/Glonass L5 or E5 signals. This frequency band is expected to meet the GNSS requirements on a global basis for L5/E5 signals for the foreseeable future.

–
Protection of the DME channels 77X to 126X requires an equivalent power flux-density limit of –121.5 dB(W/m2) in any 1 MHz for the space-to-Earth signals produced by all satellites of all RNSS systems operating in this frequency band, and by a regulatory provision requiring that RNSS shall not claim protection from the stations of the ARNS.

5.3.2
Initial assessment of the band

Because of the numerous and highly sensitive incumbent systems, this band is not a candidate for additional study. It is rated Category 3.
5.4
The 1 300 – 1 350 MHz frequency band

5.4.1
Current allocations and systems in the band

Aviation utilizes extensively the frequency bands in the frequency range 1 300 - 1 350 MHz. This frequency band is allocated, either in whole or in part, to the RLS, RNSS, SRS, ARNS on a primary basis.

While there is a global allocation in the frequency band 1 300 - 1 350 MHz to the ARNS, this frequency band is shared on a primary basis with the RLS and RNSS. In addition, Administrations are urged to protect the radio astronomy service.

Use of the band 1 300 - 1 350 MHz by the aeronautical radionavigation service is restricted to ground-based radars and to associated airborne transponders which transmit only on frequencies in these frequency bands and only when actuated by radars operating in the same frequency band.

The frequency band 1 300 - 1 350 MHz is used extensively for primary surveillance radar, for both en-route and terminal surveillance tasks. Modern systems employing digitized plot extraction often operate on multiple frequencies and use pulse repetition frequency discrimination where up to four or even six frequencies may be used by a single radar spaced over a frequency band of approximately 100 MHz. The frequency band is also used extensively by other users for the long-range detection of aircraft targets. Co-located SSR and primary surveillance radar are often employed with combined plot extraction, electronic processing and display. Electronically generated labels displaying flight number and other data (for example, altitude reported from SSR Mode C, are often added to provide a complete radar data picture). One of the important features of primary radar is the independent role it plays in surveillance of airspace.


5.4.2
Initial assessment of the band
Because of the high power level of incumbent radar systems and location relative to aircraft at airports, this frequency band is not a prime candidate for additional study. The rating is Category 2.
5.5
The 1 559 – 1 610 MHz frequency band

5.5.1
Current allocations and services in the band

The 1 559 - 1 610 MHz frequency band is allocated to ARNS, RNSS, and FS. The frequency band 1 559-1 610 MHz is utilized by the GPS, GLONASS, Beidou GNSS systems and is to be used by the Galileo system.

This frequency band is intensively used for aeronautical radionavigation applications. GNSS already plays a vital role in area navigation operations, ADS-B surveillance and the GLS/GBAS landing system.
The frequency band 1 559 - 1 610 MHz is also allocated to the FS on a primary basis until 1 January 2010 by several administrations. After this date, the FS becomes secondary until 1 January 2015, at which time the allocation shall no longer be valid. The frequency band is also allocated to the FS on a secondary basis by several other administrations (see No. 5.362B) until 1 January 2015, at which time the allocation shall no longer be valid. Administrations are urged to take all practicable steps to protect the RNSS and the ARNS and not authorize new frequency assignments to FS systems in this frequency band.
The RNSS (space-to-Earth) allocation in this frequency band is the main allocation available for GNSS. In accord with the communication, navigation, surveillance/air traffic management concept, GNSS is foreseen to provide the basis for most civil aviation radionavigation requirements in the future.
Typically, RNSS signal levels at the Earth’s surface tend to be low, demanding an interference-free environment. WRC-2000 added a (space-to-space) service to the (space-to-Earth) allocation to RNSS on a “no constraint to existing services” basis (see No. 5.329A). This use is for the many operators of space services of all kinds who utilize the GPS system as a source of accurate timing or for position fixing of the satellites.

5.5.2
Initial assessment of the band

Required GNSS signal levels at the aircraft receiver are in the order of –160 dBW and, despite receiver signal processing having high interference rejection properties, the system is vulnerable to interference from other non-aviation systems operating in adjacent frequency bands, which makes a co-frequency use of the band highly questionable. Additionally, the GNSS antenna placement on the aircraft and how its signal interfaces with other on-board radio systems require extreme care and careful design to ensure that the system can deliver the required performance on a continuous basis. Because of these stringent technical requirements, this frequency band is not considered to be a candidate for additional study. It is rated Category 3.
5.6
The 1 610 – 1 626.5 MHz frequency band

5.6.1
Current allocations and systems in the band

The 1 610 - 1 626.5 MHz frequency band consists of several frequency bands that are allocated to the MSS, ARNS, RA, RSS, RNS, FS (via footnote), and AMS (via footnote).

This frequency band is reserved on a worldwide basis for the use and development of airborne electronic aids to air navigation and any directly associated ground-based or satellite-borne facilities.

In addition to the multitude of incumbent users and different regulatory treatment across the ITU-R Regions, non-geostationary satellite system provide AMS(R)S service in this frequency band in accordance with No. 5.367. The MSS is primary in the Earth-to-space direction in all three ITU Regions and secondary in the space-to-Earth direction. Under Footnote 5.364, the peak EIRP density is limited to –15 dB (W/4 kHz) unless otherwise agreed between concerned administrations and in certain parts of the frequency band to ‑3dB (W/4 kHz).
Non geo-stationary orbit MSS systems in this frequency band are providing global services for voice and data for commercial purposes to all classes of mobile user, including personal handset users. The Earth-to-space direction for the MSS is the path between the mobile transmitting terminals, many of which are hand-held devices, and the satellite. The potential for interference to aeronautical GNSS receivers by hand-held devices operating in the Earth-to-space direction is hence high, particularly for mobile terminals operating on the lower frequencies in the frequency band and especially in the vicinity of airports. It is possible that WAIC transmitters might also be subject to similar interference issues.

The use of the frequency band 1 610.6 - 1 613.8 MHz for aeronautical purposes is also constrained by sharing with the radio astronomy allocation, which has primary status. Footnote 5.149 (WRC‑07) limits airborne use of this portion of the frequency band. In practical terms, the frequency band is of limited use for aviation services, in particular for aviation systems and services of international standard status.

5.6.2
Initial assessment of the band

Because an aircraft utilizing WAIC systems will travel between several countries and ITU-R Regions, harmonization of the regulatory treatment of a particular frequency band is important. Given the fact there are many Administration-specific footnote allocations in this frequency band, and regional differences, it will likely be prohibitive for WAIC systems to utilize this frequency band. In addition, because of the protection requirements of incumbent users in this band, and the fact that the size of the allocation is less than 50 MHz, this band is not considered a candidate for additional study. The rating is Category 3.
5.7
The 2 700 – 2 900 MHz frequency band

5.7.1
Current allocations and systems in the band

The 2 700 – 2 900 MHz frequency band is allocated on a primary basis to the ARNS, and to the RLS on a secondary basis. Ground-based radars used for meteorological purposes are authorized to operate on an equal basis with stations of the ARNS.

Use of this band by the ARNS is restricted to ground-based radars and to associated airborne transponders which transmit only on frequencies in these bands and only when actuated by radars operating in the same band.
Ground-based meteorological radars have primary status (via footnote) in this band. In Canada, the maritime radionavigation service also has primary status.

The frequency band 2 700 - 2 900 MHz is heavily used for primary surveillance radar mainly providing a range independent (of about 200 NM) non-cooperative surveillance radar. These radars typically provide surveillance in terminal and approach areas around major airports.
5.7.2
Initial assessment of the band
Radars are sensitive regarding interference and they operate at high EIRP levels. This is mainly because radars utilize highly directive antennas with corresponding high antenna gains. However, they also operate at a very low duty cycle. This fact could be exploited in the design of future WAIC systems. As a result, further research on possible technical or operational interference mitigation techniques are required.
Furthermore, 
any use of this frequency band by aviation will depend upon the ability to eliminate interference from out‑of‑band emissions from cellular mobile systems operating in the adjacent frequency band below 2 700 MHz. While this interference might be mitigated in principle by improving RF-selectivity in the radar stations, it is yet undetermined if WAIC systems would receive similar interference.
Another potential area of interference is the use of the frequency band for digital cordless cameras to support electronic news gathering. In Europe such use is permitted by some Administrations on the basis of CEPT/ECC Recommendation (02)09 and ECC Report 6. Co‑frequency use of digital cordless cameras could cause interference to aeronautical applications, particularly if such cameras are used near or onboard aircraft.
Due to the size of the band and its potential for the implementation of WAIC systems employing interference mitigation techniques this band is rated Category 1.

5.8
The 4 200 – 4 400 MHz frequency band

5.8.1
Current allocations and systems in of the band
Use of the frequency band 4 200 - 4 400 MHz by the ARNS is reserved exclusively for radio altimeters installed on board aircraft and for the associated transponders on the ground. However, passive sensing in the EESS and SRS may be authorized in this band on a secondary basis (no protection is provided by the radio altimeters).

Radio altimeters provide an essential safety-of-life function for all critical phases of flight, especially the final stages of landing where the aircraft has to be maneuvered into a final position for safe landing. The radio altimeter is also used as the sensor component in ground proximity warning systems. The basic function of radio altimeters is to measure the aircraft’s height relative to the ground immediately below. To achieve the required 0.9 m range resolution during the critical stages of flight, Frequency Modulated Continuous Wave (FMCW) radar altimeters have a very wide bandwidth requirement that uses the frequency band 4 200 – 4 400 MHz extensively.
Furthermore, the standard frequency and time signal-satellite service is authorized to use the frequency range 4 200 – 4 204 MHz for space-to-Earth transmissions.
5.8.2
Initial assessment of the band
A radio altimeter is essentially a radar system, with similar duty cycle characteristics as discussed for ground radars in section 5.7.2 above, while their transmit power levels and antenna gains are significantly lower. Even though physical separation of radio altimeters and WAIC systems onboard the same aircraft is essentially limited by the aircraft dimensions. 
Aircraft manufacturers have the ability to ensure that both systems are sufficiently isolated from each other. This could be achieved e.g. through the choice of installation locations for WAIC transmitters and more importantly through the choice of antennas which are optimized with respect to their radiation characteristics in that they minimize radiating power into the direction of the radio altimeter receive antenna. Due to these facts, this frequency band should be considered further for study. It is therefore rated as Category 1 band.
5.9
The 5 000 – 5 250 MHz frequency band

5.9.1
Current allocations and services in the band
The frequency bands 5 000 – 5 010 MHz and 5 010 - 5 030 MHz are allocated to the AMS(R)S, ARNS, and RNSS. The frequency bands 5 030 - 5 091 MHz and 5 091 - 5 150 MHz are allocated to the AM(R)S, ARNS, AMS(R)S, FSS and AMS via a footnote. All these frequency bands are heavily used. Main initial argument for the ARNS allocations in the frequency band 5 000 – 5 250 MHz was the planned global introduction of the microwave landing system (MLS). Because of substantial delays in the MLS rollout and upcoming alternative systems for supporting precision approach and landing based on GNSS diverging use of the band has started by introducing new non-ARNS allocations which were added to parts of the band by WRC-07. Precedence for MLS is now limited to the MLS core band (5 030 – 5 091 MHz). The level of future need for the MLS extension band is still under discussion.

New aeronautical applications for unmanned aviation systems, airport surface communication, and aeronautical telemetry are being implemented. The AM(R)S allocation in the frequency band 5 091 – 5 150 MHz is dedicated to the airport surface use.
The frequency band 5 150 - 5 250 MHz is allocated to the ARNS, FSS, MS (except aeronautical mobile) and the AMS limited to aeronautical telemetry via a footnote in major parts of Region 1.
9.2 Initial assessment of the band(s)
5 000 - 5 010 MHz and 5 010-5 030 MHz: Because of the radionavigation-satellite allocations in both bands, which are very sensitive to any interference, the expected political resistance and the limited size of the bands they are of low priority for WAIC and hence considered Category 3.

5 030 - 5 091 MHz and 5 091-5 150 MHz: The existing AM(R)S allocations in these bands require a prioritized evaluation. Due to the current intensive use of the frequency bands and the announced level of spectrum demand for the new AM(R)S allocations it seems to be unlikely that a substantial amount of spectrum could be identified for WAIC systems. Therefore, these frequency bands are not candidates for initial studies. Consequentially these bands are considered Category 2.

5 150 - 5 250 MHz: The probability of unacceptable interference from the FSS and the MS in the band is very high. Options for mitigation measures are limited. Therefore, this frequency band is considered Category 3.
5.10
The 5 350 – 5 460 MHz frequency band

5.10.1
Current allocations and services in the band
The frequency band 5 350–5 460 MHz is allocated to the ARNS, EESS (active), SRS (active), and RLS. The aeronautical radionavigation use in the frequency band 5 350 - 5 460 MHz is limited to airborne radars, used for airborne weather and ground mapping observations. The EESS (active), the SRS (active) and the RLS allocations are subject to the condition that systems operating under these allocations shall not cause harmful interference to ARNS systems.

5.10.2
Initial assessment of the band

Use of the airborne weather and ground mapping radars in this band varies across geographic regions. Depending upon the technical characteristics and sharing criteria of the incumbent services, there appears to be the potential for WAIC systems to also utilize this band safely and compatibly with incumbent services. A similar rationalization for the suitability of this band for WAIC as provided in section 5.7.2 above applies with respect to the radars in this band. Also for the other services in this band (EESS (active) / SRS (active)) it appears that sharing the band with WAIC systems might be feasible. This assumption is motivated through expected low EIRP levels WAIC systems generate into the main beam direction of EESS receivers. Considering the current use and the size of the band, this band is considered a candidate for more detailed study and rated Category 1.
5.11
The 8 750 – 8 850 MHz frequency band
5.11.1
Current allocations and systems in the band
The frequency band 8 750–8 850 MHz is allocated to the ARNS and RLS. In Algeria, Germany, Bahrain, Belgium, China, Egypt, the United Arab Emirates, France, Greece, Indonesia, Iran (Islamic Republic of), Libya, the Netherlands, Qatar, Sudan and South Sudan, the frequency band 8 825 – 8 850 MHz is also allocated to the maritime radionavigation service, on a primary basis, for use by shore-based radars only (WRC-12).
The aeronautical radionavigation service allocation in the frequency band 8 750 – 8 850 MHz is used by airborne Doppler radar navigation systems. Applications are the continuous determination of ground speed and drift angle information of an aircraft with respect to the ground. The radar signal is transmitted from the aircraft to the Earth’s surface and the backscattered signal is received by a Doppler radar receiver. The result is derived by measuring the Doppler shift.
5.11.2
Initial assessment of the band
Because only the ARNS and RLS are allocated in this frequency band on a global basis it could provide a good opportunity for the integration of WAIC systems. On a first view compatibility with systems operating in the ARNS and RLS in this frequency band might be difficult to implement, because both services operate in the same collocated airspace. Only by implementing efficient mitigation techniques coexistence seems to be feasible. The band is rated Category 2.
5.12
The 9 000 - 9 200 MHz frequency band
5.12.1
Current allocations and systems in the band
The frequency band 9 000 – 9 200 MHz is allocated to the ARNS and RLS. In Algeria, Germany, Bahrain, Belgium, China, Egypt, the United Arab Emirates, France, Greece, Indonesia, Iran (Islamic Republic of), Libya, the Netherlands, Qatar, Sudan and South Sudan this frequency band is also used on a primary basis for shore-based radar systems in the maritime radionavigation service. The aeronautical use of this frequency band is restricted to ground-based radars and to associated airborne transponders which transmit only on frequencies in these bands and only when actuated by radars operating in the same band. System that use this frequency band include primary surveillance radar, precision approach radar and airport surface detection equipment.
Stations operating in the radiolocation service shall not cause harmful interference to, nor claim protection from aeronautical radionavigation systems utilizing this band or radar systems in the maritime radionavigation service.


As a result of WRC-12 an item has been placed on the agenda of WRC-15 to consider a possible extension of 600 MHz to the EESS (active) currently operating in the frequency range 9 300 - 9 900 MHz. The current allocation was extended at WRC-07 from 300 MHz to 600 MHz and it is now proposed to again double the bandwidth allocated.


5.12.2 Initial assessment of the band
In this well harmonized band the aeronautical radiocommunication service is prioritized over the radiolocation use. Depending on the characteristics and performance of the ground based radars in the aeronautical radiocommunication service there is an opportunity for a compatible WAIC implementation. Consequently this band requires further studies and is rated Category 1.
5.13
The 13.25 - 13.4 GHz frequency band

5.13.1
Current allocations and systems in the band
The frequency band 13.25 - 13.4 GHz is allocated to the ARNS, EESS, and SRS (Active). Aviation’s use of this band is limited to Doppler navigation aids for Doppler radar and ground mapping radar. These systems are used to determine ground speed, drift and distance travelled as well as ground mapping. In Bangladesh, India and Pakistan, this band is also allocated to the FS on a primary basis.
The EESS (active) and SRS (active) operating in the frequency band 13.25 - 13.4 GHz shall not cause harmful interference to, or constrain the use and development of, aeronautical radionavigation service systems. ITU-R Recommendations in the RS series provide characteristics and protection criteria for active sensors operating in these services.

Recommendation ITU-R M.2008 provides the characteristics and protection criteria for radars operating in the aeronautical radionavigation service in the frequency band 13.25 - 13.40 GHz. Recommendation ITU-R M.1461 should be used in analyzing compatibility between radars operating in the frequency band 13.25 - 13.4 GHz with systems in other services in this frequency band.
5.13.2
Initial assessment of the band
Similar to the band 8 750 – 8 850 MHz the ARNS in this band is used for Doppler radio navigation aids. The additional allocations to the EESS (active) and the SRS (active) are restricted in their use, avoiding interference with the radionavigation applications. This band is rated Category 2.
5.14
The 15.4 - 15.7 GHz frequency band

5.14.1
Current allocations and systems in the band
The 15.4 - 15.7 GHz frequency band is allocated to the ARNS, RLS, and FSS. Stations operating in the RLS shall not cause harmful interference to, nor claim protection from the ARNS. Furthermore a power flux- density level has been defined for the RLS stations in this band, in order to protect the RAS in the lower adjacent band.

The band 15.4 ‑ 15.7 GHz is used for ground-based primary surveillance radar systems including precision approach radar (PAR) and airport surveillance detection equipment (ASDE) The main purpose of these systems is to provide surveillance to support precision approach to aircraft and to detect traffic at airports. The use of the band is shared with the FSS (Earth-to-space and space-to-Earth) and the RLS. No FSS use has been registered with the ITU within this band.

This band is used for a variety of civil and military systems using conventional radionavigation and radar techniques. An important civil use of this band is for airport surface detection equipment (ASDE) for operational control of aircraft and vehicle ground movement at airports. This is an expanding requirement, as congestion at airports spreads and ground maneuvering areas begin to saturate.

The band 15.5 – 15.7 GHz is also used for airborne weather and ground mapping radar. These systems support the safe passage of an aircraft in the vicinity of turbulent weather conditions. It provides timely warnings of rapidly changing weather conditions as an aid to in-flight route planning. In addition, such equipment could support maintaining contact with geographic features, such as shorelines, as a supplement to navigational orientation.

This band is a supplementary band for feeder link operation for possible use as a back-up or spill‑over from the main FSS feeder link bands at 19 GHz and 29 GHz. Resolution 117, recognizing (b), indicates only a small number of stations will be implemented.

WRC-12 has agreed to place on the agenda of WRC-15 the consideration of new allocations to the fixed satellite service in the frequency range of 10 - 17 GHz in ITU Region 1 and in the range 13 ‑- 17 GHz in ITU Regions 2 and 3.
The frequency band 15.63 - 15.7 GHz is allocated to the aeronautical radionavigation service and the radiolocation service. For the fixed-satellite service operating in this band power limitations exist. Fixed-satellite stations operating in the Earth-to-space direction shall not cause harmful interference to the aeronautical radionavigation stations in this band.
5.14.2 Initial assessment of the band(s)
The 15.4 - 15.43 GHz portion of this band does not easily eliminate the potential for WAIC systems to utilize the band. However, the small size of the band and the necessary protection of the Radioastronomy service in the adjacent band could limit the ability for WAIC systems to use this band. This sub- band is rated Category 3.

The 15.43 - 15.63 GHz portion of the band is complicated by the fixed-satellite service (Earth-to-space) and the recently (WRC-12) allocated radiolocation service. Consequently this band is rated Category 2.
The 15.63 - 15.7 GHz portion of this band provides a more promising scenario for potential WAIC systems. Depending on the sharing conditions and technical and operational characteristics of incumbent systems, additional studies should be considered. It is rated Category 1.
6
Conclusion

Based on the initial review an evaluation summary table has been prepared (Annex 1). Depending on the degree of fulfillment of the selected criteria a value has been dedicated to each criteria. The overall value regarding the criteria is used to decide on the category in the frequency selection process.

The initial consideration of Aeronautical Radionavigation, Aeronautical Mobile, and Aeronautical Mobile (Route) Service frequency bands below 15.7 GHz indicates several potential aeronautical frequency bands that are candidates for additional compatibility studies subject to the WAIC system requirements. In addition to the size, current use and protection requirements of incumbent services in these potential frequency bands, the suitability of WAIC systems also depends on the WAIC operational and technical requirements.

Because of the high level of relevance of the WAIC applications inside the aircraft the suitable aeronautical frequencies bands below 6 GHz as detailed in section 4.2.1 should be considered first in the more detailed technical evaluation. This includes the frequency bands 2 700 – 2 900 MHz, 4 200 – 4 400 MHz and 5 350 ‑ 5 460 MHz.
Annex 1:-

WAIC – Frequency Options (Existing Aeronautical Allocations), Initial Evaluation
	Frequency band
	Size of band
	AM(R)S
	Level of harmonization
	Current systems in band
	Aircraft control and installation
	Potential Inter- ference scen.
	Other Obstacles
	Category

	960 – 1 164 MHz
	+++
	+++
	+++
	++
	++
	+
	+
	2

	1 164 – 1 215 MHz
	++
	
	+++
	++
	++
	+
	++
	3

	1 300 ‑ 1 350 MHz
	++
	
	+++
	+++
	+
	++
	++
	2

	1 559 ‑ 1 610 MHz
	++
	
	++
	++
	++
	+
	+
	3

	1 610 ‑ 1 626.5 MHz
	+
	
	++
	+
	++
	+
	+
	3

	2 700 ‑ 2 900 MHz
	+++
	
	+++
	+++
	+
	++
	++
	1

	4 200 ‑ 4 400 MHz
	+++
	
	+++
	+++
	+++
	+++
	+++
	1

	5 000 ‑ 5 010 MHz
	+
	
	+++
	+
	++
	+
	+
	3

	5 010 ‑ 5 030 MHz
	+
	
	+++
	+
	++
	+
	+
	3

	5 030 ‑ 5 091 MHz
	++
	+++
	+++
	++
	++
	+
	++
	2

	5 091 ‑ 5 150 MHz
	++
	++
	+++
	++
	++
	++
	++
	2

	5 150 ‑ 5 250 MHz
	++
	
	++
	+
	++
	+
	+
	3

	5 350 ‑ 5 460 MHz
	+++
	
	+++
	+++
	++
	++
	+++
	1

	8 750 ‑ 8 850 MHz
	++
	
	+++
	++
	+++
	++
	++
	2

	9 000 ‑ 9 200 MHz
	+++
	
	+++
	+++
	+
	++
	+++
	1

	13.25 ‑ 13.4 GHz
	+++
	
	++
	++
	+++
	++
	++
	2

	15.4 ‑ 15.43 GHz
	+
	
	+++
	++
	+
	+
	++
	3

	15.43 ‑ 15.63 GHz
	+++
	
	+++
	++
	+++
	++
	++
	2

	15.63 ‑ 15.7 GHz
	++
	
	+++
	+++
	+++
	++
	+++
	1


Annex 2:

Existing Aeronautical Allocations - Initial evaluation criteria

Size of frequency band
 +++ Bandwidth > 100 MHz

   ++ Bandwidth > 50 MHz ≤ 100 MHz

     + Bandwidth ≤ 50 MHz

Existing AM(R)S allocation
 +++ AM(R)S allocation

   ++ AM(R)S allocation with restriction

Level of international harmonization
 +++ Fully harmonized on global level

   ++ Includes allocations with regional/national deviations

     + Aeronautical allocations on regional/national basis

Current use of the frequency band
 +++ Priority of aeronautical use and low number of non- aeronautical allocations

   ++ High number of non- aeronautical allocations on primary basis

     + Restrictions to aeronautical mobile use

Aircraft control and installation
 +++ Transmitter and receiver are both installed on, and controlled by, the aircraft 

   ++ Some elements of the existing system are installed on, or under the control of, the aircraft.  

     + No part of the existing system is under the control of the aircraft

Potential interference scenario/risks
 +++ Good opportunity for compatible integration 

   ++ Medium level of interference, potential mitigation measures  

     + High level of interference, complex scenario

Other non- technical obstacles 

 +++ Non-technical obstacles unknown

   ++ Obstacles limited to aeronautical community

     + High level of resistance from other implemented or planned services or applications

Values for the expected potential of sharing:

 +++ Best performance/suitability

   ++ Medium performance/suitability

     + Low performance/suitability
