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	SUMMARY

	This paper provides technical considerations for discussion at the eleventh FSMP meeting in preparation of WRC-23 Agenda Item 1.9 concerning digital technologies for commercial aviation safety-of-life applications using WideBand HF (WBHF) systems.
A feedback is expected as an output of the FSMP meeting on the list of technical characteristics proposed in this working document.




1. INTRODUCTION
WRC-19 resolved to recommend to the ITU Council that at WRC-23 the agenda item 1.9 (AI 1.9) review Appendix 27 of the Radio Regulations and consider appropriate regulatory actions and updates based on ITU-R studies, in order to accommodate digital technologies for commercial aviation safety-of-life applications in existing HF bands allocated to the aeronautical mobile (R) service and ensure coexistence of current HF systems alongside modernized HF systems, in accordance with Resolution 429 (WRC-19);

To that end, this working document proposes a discussion on the update of the list of preliminary technical characteristics for Wideband (WBHF) systems. This list of technical characteristics should be used to conduct the assessment of the potential necessary modifications to appendix 27 during the ITU-R study cycle.

These characteristics should be completed to be representative of all future WBHF systems envisaged, which should be used as input material in the ITU-R studies. This list of technical characteristics is proposed to be under FSMP meeting consideration and could be completed if necessary.


2. OVERVIEW OF THE WIDEBAND HF (WBHF) SYSTEMS
2.1 AI 1.9 objectives
The objective of AI 1.9 is to review Appendix 27 of the Radio Regulations and consider appropriate regulatory actions and updates based on ITU-R studies, in order to accommodate digital technologies for commercial aviation safety-of-life applications in existing HF bands.
Digital technologies that are mentioned in the AI 1.9 are based on new WBHF systems to provide improved data rates throughput over HF frequency band using a combination of multiple 3 kHz channels. This combination could be contiguous or non-contiguous channel aggregation.
It is considered in c)[footnoteRef:2], that digital aeronautical HF must coexist with existing aeronautical analogue voice and data HF systems. Additionally in considering e)[footnoteRef:3] that any channel aggregation needs to be performed in a manner that protects other primary services operating in band and in adjacent frequency bands. [2:  See RR, RES 429 (WRC-19)]  [3:  See RR, RES 429 (WRC-19)] 

In RES 429, WRC-19 resolves to define the relevant technical characteristics and to conduct any necessary sharing and compatibility studies, taking into account noting e), with incumbent services that are allocated on a primary basis in the same or adjacent frequency bands to avoid harmful interference in accordance with recognizing e);
To conduct the necessary sharing and compatibility studies, relevant technical characteristics should be defined. A preliminary list of theses technical characteristics is proposed for consideration in the next chapter.
2.2 WBHF system using non-contiguous channel aggregation
To perform transmission over the HF frequency band, various WBHF systems could be envisaged leading to different approaches and frequency organization with benefits and drawbacks.
First of all, it should be noted that in the RR appendix 27, the AM(R)S exclusive band is 2850 to 22000 kHz. This band could be used for both the transmission and the reception on board aircraft. Moreover, the band is organized with a 3 kHz channel allotment.
Based on that, to improve data rates over HF frequency four options could be envisaged:
· Using a single 3 kHz channel limited by the existing narrow bandwidth
· Using two single 3 kHz channel limited by the existing narrow bandwidth (2 x 3 kHz)
· Using multiple contiguous channels configured as a single wideband channel.
· Using multiple non-contiguous channels for the multichannel radio equipment to introduce flexibility and higher data rate.
The configuration in case of N non-contiguous channels is flexible, and so, could be multiple and various. This is due to the high degree of flexibility for channel organization. Three main option of organization could be summarized:
· Configuration using N channels with a fix spacing of 3 kHz between each channel. In that case the bandwidth used is N x 3 kHz in one unit. In term of frequency, this configuration is equivalent to WBHF system using contiguous channel. But the main difference concerns the spectrum mask characteristics which is not the same.
· Configuration using N channels with regular flexible frequency spacing between the channels used (always X kHz, X being a multiple of 3 kHz). In this configuration, the 3 kHz channels not used in the pattern of frequency organization remain available and could still be used by other HF systems.
· Configuration using N channels with a variable frequency spacing (variable X kHz, X being a multiple of 3 kHz) between the channels used. In this configuration also, the 3 kHz channels not used in the pattern of frequency organization remain available and could still be used by other HF systems.
WBHF system using non-contiguous 3 kHz channels is able to use multiple modulation schemes to adjust to various type of modulation (AM, nPSK, nQAM, etc.) in order to improve the user data rate depending on the operational and environmental conditions.
Analysis of technical sharing and compatibility between envisaged WBHF systems (contiguous and non-contiguous) and the existing use of airborne HF system (data or voice) should be ensured. This is the purpose of the compatibility and sharing studies of ITU-R agenda item 1.9.

3. [bookmark: _3znysh7]PROPOSED LIST OF TECHNICAL PARAMETERS NECESSARY FOR THE WIDEBAND HF SYSTEMS
In this chapter, a list of parameters to be used for sharing and compatibility studies is proposed.
Four main parts of characteristics are listed, including Frequency, Receiver and Transmitter.
Frequency characteristics:
· Frequency band: As stated in RR appendix 27, the AM(R)S exclusive band is 2850 to 22000 MHz. This band could be used for both the transmission and the reception on board aircraft.
· Tuning range: The WBHF system should be able to tune frequency as close as possible to the reference frequency (emission frequency corresponding to the channel). The smaller step of the tuning range around the reference frequency is part of the frequency accuracy.
· Frequency stability : The radio frequency stability is part of the frequency accuracy and should be expressed in ppm (Part Per Million)
· Necessary bandwidth: It is the width of the frequency band which is sufficient to ensure the transmission of information at the rate and with the quality required. This necessary bandwidth could be expressed in kHz and in the case of WBHF, to be more precise, The table of technical characteristics could indicate the number of 3 kHz channel used (as an integer number (N) of contiguous or non-contiguous 3 kHz channels).
Emission type:
· Duplex type : indicates if it is simplex, Half-Duplex, Full Duplex, or Broadcast
· Modulation scheme: The modulation scheme is a key parameter related to the variation of the carrier wave to support the data transmission. Modulation could be described as AM, nPSK, nQAM, etc. The number of state of the modulation associated with the indication of amplitude and phase is necessary to assess the data rate of the transmission.

Receiver characteristics:
· Receiver bandwidth
· Receiver sensitivity : Noise figure of the receiver
· Receiver filter response (including the adjacent channel rejection).
· Antenna gain : Gain in dB of the receiving antenna
· Antenna pattern type : omnidirectional or directional (including pattern description)
· Antenna polarization : Vertical, Horizontal or circular
· Cable loss : Losses in dB from the receiving antenna to the WBHF radio receiver
· Antenna height : for both the aeronautical and aircraft station
Transmitter characteristics:
· Transmitter bandwidth
· Power: The purpose is to indicate the power used for the transmission. It could be expressed in PEP (Peak Envelope Power) but also in mean power, for the total and per channel.
· PEP (total and per 3 kHz channel)
· Mean effective radiated power (total and per 3 kHz channel)
· Spectrum mask should describe the total spectrum occupancy, and also the shape of the spectrum versus the frequency used. The defined spectrum mask shall be fulfilled during the whole transmission period. Values covering adjacent channel power should be indicated in order to perform the compatibility and sharing studies. These studies should assess the impact of the WBHF systems (the spectrum mask characteristics is a key parameter) onto the existing usage of the band mainly on the following points :
· Compatibility and sharing with existing HF system (as used in the allotment of the current appendix 27)
· Compatibility with other WBHF systems.
· Studies should also assess the compatibility of WBHF systems with systems operating under services in adjacent frequency bands
· Spurious emission should be defined in dB below the peak envelope power within a specified maximum frequency deviation.
· Antenna gain : Gain in dB of the transmitter antenna
· Antenna pattern type : omnidirectional or directional (including pattern description)
· Antenna polarization : Vertical, Horizontal or circular
· Cable loss : Losses in dB from the WBHF radio to the transmitter antenna
· Antenna height : for both the aeronautical and aircraft station
Sharing and Compatibility considerations:
· HF Propagation model : [ITU-R REC P.xxxx]
· Protection ratio for interference range : 15 dB as stated in RR Appendix 27 (27/25 and 27/28). The protection criteria of 15 dB (wanted station to Interfering HF station) should apply to each existing 3 kHz for assignment.

The table hereunder summarized the proposed list of technical parameters to be taken into account for WBHF systems.

	Technical Characteristics
	Ground Station
	Aircraft Station
	Units

	Frequency
	
	
	

	Frequency band (AM(R)S exclusive band of appendix 27)
	2 850 to 22 000
	2 850 to 22 000
	kHz

	Tuning range
	
	
	Hz

	Frequency stability
	
	
	ppm

	Necessary bandwidth
	
	
	kHz

	Number of 3 kHz channel 
	From TBD up to TBD
	From TBD up to TBD
	

	Emission Type
	
	
	-

	Duplex Type
	Simplex, Half-Duplex, Full Duplex, and Broadcast
	Simplex, Half-Duplex, Full Duplex, and Broadcast
	-

	Modulation scheme
	AM, nPSK, nQAM
	AM, nPSK, nQAM
	-

	Receiver characteristics
	
	
	-

	Receiver bandwidth
	
	
	Hz

	Noise figure
	
	
	dB

	Receiver filter response (including the adjacent channel rejection).
	
	
	dB

	Antenna gain
	
	
	dB

	Antenna pattern
	
	
	-

	Antenna polarization
	
	
	-

	Cable loss
	
	
	dB

	Antenna height
	
	
	m

	Transmitter
	
	
	

	Transmitter bandwidth
	
	
	kHz

	Peak Envelope Power
	
	
	dBW

	Mean effective power
	
	
	dBW

	Spectrum mask
	
	
	dBc

	Spurious emission
	
	
	dBc

	Antenna gain
	
	
	dB

	Antenna pattern
	
	
	-

	Antenna polarization
	
	
	-

	Cable loss
	
	
	dB

	Antenna height
	
	
	m

	Sharing and Compatibility considerations
	
	
	-

	HF Propagation 
	[ITU-R REC P.xxxx]
	[ITU-R REC P.xxxx]
	-

	Protection ratio for interference range[footnoteRef:4] [4:  See RR Appendix 27 (27/25 and 27/28)] 

	15
	15
	dB


Table 1 : WBHF technical characteristics

3. Availability of technical parameters at ITU-R working parties
Following the decisions adopted by the CPM in November 2019, it should be noted that the deadline to complete the WBHF relevant technical parameters is June 2021. Noting that the next ITU-R WP5B meeting is planned in May 2021 from the 10th to 21st and the next one in November, contributions from national admistrations are expected to fulfil the WBHF technical parameters at the next WP 5B meeting in May.

5. ACTION BY THE MEETING
5.1	The FSMP meeting is invited to: 
a. Review the information presented in this working paper.
b. Update the list of parameters that should be useful to conduct studies, both at ITU-R working parties for WRC-23 Agenda Item 1.9 and at ICAO FSMP.
c. Update and send a liaison statement to ITU-R WP 5B with a proposed list of parameters.

— END —
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