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	SUMMARY

	This paper provides an initial proposal for HF Ground Stations technical parameters for protection from adjacent channel emissions and interference.  This is provided for development and possible agreement within ICAO before deciding if suitable for formalizing externally (i.e. an ITU-R Recommendation)





INTRODUCTION
Previous work in WRC-15 Agenda Item 1.4 (amateur HF allocation), and now WRC-19 Agenda Item 9.1.6 (Wireless Power Transfer), has highlighted a lack of RF performance data available to the ITU-R on HF ground stations.  Without this data, it becomes very difficult to properly defend existing aeronautical HF allocations in the technical domain.  Therefore, this paper details the development and current understanding of HF ground stations, with an intent to further develop the work in ICAO to achieve consensus on the parameters.  Once an appropriate level of detail and agreement has been achieved within the aviation community, then decision can be made on the way forward, including possible ITU-R work. 
DISCUSSION
During preparation work for WRC-15 Agenda Item 1.4, ITU-R Working Party 5A (WP 5A) attempted to study the effect of a new amateur allocation in the 5250-5450 kHz on the adjacent AM(R)S frequency band as per Resolution 649[footnoteRef:1].  An assessment was made for adjacent band interference to aircraft while in flight over oceanic or remote regions.  Unsurprisingly this did not find any issues given the separation distances and power levels of amateur HF equipment.  However, the compatibility study[footnoteRef:2] did not analyze the adjacent AM(R)S in the 5450-5480 kHz frequency band for co site interference to HF ground stations, and therefore was left as an unknown.  When aviation raised concerns directly with the amateur community, it was asked what a suitable spectrum separation distance should be.  Embarrassingly, aviation representatives could not provide an answer due to lack of data for a system they claimed was of critical importance.  [1:  ITU-R Resolution 649 (WRC-15)]  [2: WP 5A update on Agenda Item 1.4 http://www.itu.int/md/R12-WP5B-C-0642/en ] 


Aviation now faces a similar issue with wireless power systems in proximity to aero HF ground stations.  As WPT studies begin in WRC-19 AI 9.1.6, several frequency bands adjacent to AM(R)S frequencies have come under consideration for electric vehicle charging.[footnoteRef:3] These frequencies of concern are 6 765-6 795 kHz and 13 553-13 567 kHz. Since WPT may use large amounts of power, there is ample concern that some may cause interference into the adjacent bands. Yet aviation does not know to what level this may be, or how much protection is needed. [3:  Proposal of a new Report ITU-R SM.[WPT.SPEC.MNGM] "Methodology for spectrum management of wireless power transmission" https://www.itu.int/md/R15-WP1B.AR-C-0038/] 


Additionally, the ITU-T is continuing to develop several new wired telecommunications standards that may impact HF and VHF bands.  These standards include new systems for the provision of internet through the ‘last mile’ to residential and commercial premises, broadband over powerlines, and wireless charging.  WP 5B has been in liaison with the ITU-T over the issues, however it has only been able to inform the ITU-T of the potential impact without formally providing information to confirm ground station susceptibility to unwanted emission for wire lines.
DEVELOPMENT OF CHARACTERISTICS
Annex 1 is a working draft of the currently understood performance of aeronautical HF ground stations that recognizes the existing transceiver information provided in the ICAO SARPS and ITU-R Appendix 27 for the transmit functions, while also identifying the required receiver characteristics for input.  The text is based on technical information from ICAO HF Guidance Material. However, it needs to be vetted internally by aviation for purpose to verify the given specifications are acceptable.
Concurrently, the parameters are being reviewed by some ANSPs to produce an accurate characterization of the HF ground stations.  It is unsure if the feedback will result in a generic model, or specify several systems and then define a worst case for sharing.  Additional feedback from FSMP members and their respective ANSPs would ensure a representative set of characteristics are developed.
Since the last FSMP meeting, feedback on the technical parameters were received by two ANSPs. Unnecessary receiver characteristics were removed from Table 1. The receiver selectivity mask was changed to match the ICAO SARPs, in Figure 1 and Table 4. Also, Antenna parameters were added in Table 3.
SUMMARY
The production and eventually approval of this document is intended to increase the protection of aeronautical HF systems.  Given the increasing pressure on the spectrum to add additional services, it is not a matter of if, but when we shall be challenged to share aviation spectrum with other services.  Therefore, it is recommended that action be taken beforehand to formalize existing systems into the relevant international organizations
ACTION BY THE MEETING
The meeting is invited to:
Review the proposed details for HF Ground Station characteristics and provide feedback on the characteristics.  
Seek Guidance from national ANSPs on possible changes and updates to the initial parameters provided
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Technical Characteristics for HF Ground Station Receivers
SCOPE
The purpose of this document is to define the technical parameters which will give an accurate representation of deployed HF Ground Stations for sharing studies with terrestrial services.
CHARACTERISTICS
This paper will not discuss the medium characteristics or channel management. General HF Guidance can be found in other ICAO documents: However, to portray a complete picture, it is important to explain some propagation characteristics to determine a worst-case scenario.
There are three types of propagation for High Frequency: Groundwave, Skywave, and line-of-sight propagation. For sharing studies, the concern is over the Skywave, which is used for long distance communication by causing the electromagnetic wave to “bend” back towards Earth causing a “skip”. 
The worst-case scenario was determined to be a highly directive antenna with a low take of angle. This would be used to cover long distances (>1000 km). The signal received from aircraft would be at low power. This would also create radiation pattern close to the surface of the earth, receiving more noise from man-made sources.
METHODOLOGY
HF Receivers and associated antenna systems currently deployed or most recently deployed were available in two ICAO documents: HF Management Guidance Material Version 1 September 2003[footnoteRef:4] and High Frequency Management Guidance Material for the South Pacific Region Version 1 September 2010[footnoteRef:5]. Associated technical datasheets were then researched and analyzed for available information. This information was compiled from available ICAO SARPs, as well as information provided by ANSPs.  [4:  Link not available]  [5:  http://www.icao.int/APAC/Documents/edocs/cns/HF_radio_GM%20_ISPACG_Ver1.pdf] 

Receiver Specification – Two parameters were selected to be used from equipment information to determine the sharing studies: The receiver sensitivity and noise figure.  The equipment information was extracted from two ICAO Documents: HF Management Guidance Material Version 1 September 2003 and High Frequency Management Guidance Material for the South Pacific Region Version 1 September 2010, and from information provided by ANSPs. The appendices of these two documents contain information about the antennas and receivers. No information was available about HF deployment outside these two regions from other ICAO Documents. Using engineering judgment, the equipment was broken down into two different systems, receivers that had a pre-amplifier built in and enabled, and receivers that did not have an amplifier built in, or had the pre-amplifier disabled. The stated parameters for noise figure and sensitivity for a J3E emission were documented for each receiver. Receivers that did not have a noise figure and sensitivity stated for the J3E emission were not used in parameter value determination. The parameter values from all the documented receivers were then analyzed for the worst-case parameters, the largest noise figure and sensitivity for J3E emission, and those parameter values were stated in Table 1.

Antenna Specification – Using engineering judgment, five parameters were chosen: Polarization, Frequency, Gain, Vertical Beam width, and Horizontal Beam width. Antennas were documented from the appendices of two ICAO Document HF Management Guidance Material Version 1 September 2003 and High Frequency Management Guidance Material for the South Pacific Region Version 1 September 2010, and from information provided by ANSPs.  Associated technical information was then researched, if none was available or all the necessary parameters were not listed, the antenna was discarded from consideration. Using engineering judgment as well as information from ITU-R BS.705[footnoteRef:6], the antennas were grouped into five different systems. Each of these provides a “worse case” for the specified antenna type.  [6:  https://www.itu.int/rec/R-REC-BS.705-1-199510-I] 

Because the large change in wavelength from 2 MHz to 22 MHz, the gain of the antennas and radiation pattern may change depending on the frequency. The gain, azimuthal beam width, and vertical beam width with the 1st beam (lowest from elevation) above the horizon was used for the frequency specified in Table 3. It should be noted that the physical orientation of the antenna can be adjusted to optimize the coverage for specified areas, altering the stated radiation pattern.


Annex 1

Technical characteristics and protection criteria of grounds stations operating in the AM(R)S in the frequency range 2 850-22 000 kHz
Table 1 summarizes the HF ground station technical characteristics and protection criteria for different HF ground station installations currently operated. 

Table 1 – Receiver Characteristics
	Parameters
	Unit
	Value

	
	
	System A (With built in Preamplifier)
	System B (Without built in Preamplifier)

	Receiver noise figure
	dB
	14
	19

	Receiver sensitivity
	
	-113 dBm at 10 dB SINAD
	-110 at dBm at 10 dB SINAD

	Signal modulation
	
	Upper SSB AM

	Protection ratio (C/I)
	dB
	15

	Reference bandwidth 
	kHz
	2.8

	Channel spacing1
	kHz
	3


Note 1 – Channel spacing is measured at the assigned frequency, which is offset from the carrier frequency by 1400 Hz


Table 2 - Emission Class and Power Level
	Class of emission
	Stations
	Maximum peak envelope power

	H2B, J3E, J7B, JXX
A3E*, H3E*
(100% modulation)
	Aeronautical stations 

	6 kW





* A3E and H3E to be used only on 3 023 kHz and 5 680 kHz. 
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Table 3 - Antenna Parameters
	Antennas
	Antenna Polarization
	Frequency Range Applicable (MHz)
	Gain (dBi)
	Azimuthal Beamwidth from center (3 dB)
	Vertical Beamwidth relative to horizon (3 dB)

	System A
	Horizontal
	[2.3 – 8.5) 
	11
	-30, 30
	42, 18

	
	
	[8.5 – 16) 
	12
	-25, 25
	29, 11

	
	
	[16 – 22]
	13
	-20, 20
	18, 8

	System B
	Circular or Elliptical
	[2.3 – 3]
	6
	Omni
	150, 50

	
	
	(3 – 12] 
	6
	Omni
	40,20

	
	
	(12 -22] 
	8
	Omni
	14,6

	System C
	Horizontal
	[2.3 – 3.5) 
	4
	Omni
	130,50

	
	
	[3.5 – 7] 
	6
	Omni
	150,30

	
	
	(7 - 15]
	7
	Omni
	37,12

	
	
	(15 – 23]
	9
	Omni
	18,7

	System D
	Vertical
	[2.3 – 5.7]
	9
	-30,30
	22,12

	
	
	(5.7 – 10) 
	10
	-30,30
	22,12

	
	
	[10 – 16]
	11
	-30,30
	22,12

	
	
	(16 - 23]
	12
	-30,30
	22,12

	System E
	Vertical

	[2.3 – 3.5)
	8
	-33,33
	95, 0

	
	
	[3.5 - 6.6]
	11
	-31,31
	54, 0

	
	
	(6.6 – 15]
	15
	-21,21
	30, 0

	
	
	(15 – 23]
	20
	-8,8
	21, 0


Note 1 - Interval notation used for frequency range bounds. (or) is exclusive, [or] is inclusive








Receiver selectivity mask

The HF ground station receiver will have a minimum attenuation of undesired channel emissions relative to the maximum power on the measured frequency:
[image: ]
Figure 1 - Receiver selectivity mask for ground stations (values not to scale)
	Frequency range from the carrier frequency (Hz)
	Minimum attenuation (dB)

	0   -300
2900    3300
	35

	-10000   -300
3300    10000
	60


Table 4 – Receiver Spectrum Mask
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