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	SUMMARY

	This Working Paper presents the progress in developing the Space-Based VHF SARPs Validation Report to support Annex 10 Vol III and Annex 10 Vol V Proposals for Amendment (PfA) for Space-Based VHF.

Action by the Meeting:
The meeting participants are invited:
a) Note the updated provided in this paper; and
b) to review and provide comments on the Validation Report




INTRODUCTION
Last circulated version of Validation Report on FSMP was the document “FSMP-WG19-WP16_SB-VHF SARPs Validation Report_v1.2” during FSMP-WG/19 on July 2024 meeting. Several comments have been received about the structure, wording and scope of this document which have been incorporate in this updated version.
DISCUSSION
0. The present version of Validation Report (v3.2) incorporates, comments received, additional material received and using the lastest available version of PfAs for Vol III and Vol V, in summary:
a) Removed all section that was linked with the previous activities for ITU-R activities. Only the Executive Summary remains, all information not strictly needed for PfA changes support have been removed.
b) Structured the Validation Matrix to comment or support only the provisions affected or changed in the PfAs, the rest of provisions no affected by changes have been removed.
c) The document still merges the scope for Vol V PfA and Vol III PfA, the document could be split in separate documents under decision in the moment.
d) The Validation Matrix are elaborated based on the Vol III PfA version v016+Add to Chapter 13 and Vol V PfA version v14.
e) The Validation Matrix incorporates the table structure to accommodate the contribution by entities in a separated way.
f) The new section 3, records only the activities done or on going by the different entities. These entities have been classified as follows:
· Singapore Cluster. This 3.1 section summarized all activities done by different Singapore entities and recored in a Report.
· SESAR VOICE Program. This 3.2 section summarized all recorded in the Final Demonstration Report of VOICE Program.
· ECHOES PROGRAM. This 3.3 section, still in elaboration process, will summarize all activities on going in the execution of this program. These activities will be split on two documents 1) to summary the activities on qualifying a space station VHF payload and 2) to summary the activities on the in-orbit exercises for technical and operational outcomes. The document section and the points on Validation Matrix pointing to them are written as if the work was already done but the documents need to be elaborated.
· Australia Cluster. This 3.4 section records the information available from Skykraft.
· Spain Cluster. This 3.5 section, still in elaboration process, is only for PfA Vol V and records the studies analyzing the use of VHF channels and the availability of them to support the introduction on PfA Vol V the concept of Space-Based VHF Frequencies. The referred document [TBD] is in elaboration process, but the section is written as if the document was already done.
g) All sub-sections 3 are structured (following LDACS Validation Report example) as:
· Introduction
· Partners
· Timeframe
· Scope and Validation Objectives
· Major Achievements
· References. The document referred will records the details.
0. 
0. Attached to this paper is the Space-based VHF SARPs Validation Report version v3.2:



ACTION BY THE MEETING
The meeting is invited to:
To note the updates provided in this paper; and
to review and provide comments on the Validation Report.
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		SUMMARY



		This document consolidates the outcome of the Space Based VHF (SB-VHF) SARPS validation activities. This report has assessed the validity of SB-VHF SARPS as supported by worldwide SB-VHF developments. The validation work was undertaken by a number of independent entities which provides greater credibility to the overall exercise.

The SB-VHF SARPS Validation Report was updated with the objective to support the ANC preliminary review planned for XXX 2024.



In summary, all the updated SARPs requirements and recommendations have been validated by at least one validation activity. Detailed information is provided in the report. Full compliance has been shown to all the requirements and to the recommendations. Based on the below analysis, the validation is considered complete against the updated SARPs.







1. INTRODUCTION AND METHODOLOGY

1.1 [bookmark: 1.1_DCIWG_agreed_during_its_second_meeti]DCIWG agreed during its XXX meeting and FSMP agreed during its XXX meeting that in order to be successful a future package for a SARP amendment proposal should include the following:

1.1.1 [bookmark: 1.1.1_SARPS_material_itself,]SARPS material itself,

1.1.2 [bookmark: 1.1.2_Implementation_task_list_(Impact_a]Implementation task list (Impact assessment),



(65 pages) CP WG-PT-T



[bookmark: 1.1.3_Validation_Report,]

1.1.3 Validation Report,

1.1.4 [bookmark: 1.1.4_Substantial_progress_made_on_devel]Substantial progress made on developing implementation guidance (referenced Manuals).

1.2 [bookmark: 1.2_This_document_is_the_IPS_SARPS_valid]This document is the SB-VHF SARPS validation report

1.3 [bookmark: 1.3_WG-I_supported_the_following_structu]DCIWG / FSMP supported the following structure of the SB-VHF SARPS Validation Report:

1.3.1 [bookmark: 1.3.1_Introduction_identifying_the_valid]Introduction identifying the validation methods used and providing information for all validation completed, in progress or planned to be finalised before XXX 2024.

1.3.2 [bookmark: 1.3.2_A_validation_table_providing_the_f]A validation table providing the following information:

1.3.2.1 [bookmark: 1.3.2.1_SARPs_numbering_and_correspondin]SARPs numbering and corresponding SARPs text

1.3.2.2 [bookmark: 1.3.2.2_Validation_method(s)_applied_for]Validation method(s) applied for each of the SARP

1.3.2.3 [bookmark: 1.3.2.3_Identification_of_the_contributo]Identification of the contributor(s) contributing to the validation of the specific SARP

1.3.3 [bookmark: 1.3.3_Summary_of_validation_result_with_]Summary of validation result with references as required to Appendices and other documents with detailed validation information.

1.3.4 [bookmark: 1.3.4_Conclusions_of_the_overall_IPS_SAR]Conclusions of the overall SB-VHF SARPS validation based on the validation results.

1.3.5 [bookmark: 1.3.5_Appendices_as_required_with_the_de]Appendices as required with the detailed validation information for the different SARPs

1.4 [bookmark: 1.4_The_IPS_SARPS_Validation_Report_inte]The SB-VHF SARPS Validation Report intent is to contain all validation completed, in progress or planned to be finalised before XXX 2024.

1.5 [bookmark: 1.5_The_IPS_SARPS_Validation_Report_will]The SB-VHF SARPS Validation Report will be used as the basis to consolidate the outcome of the SB-VHF SARPs validation activities, which were undertaken by the different partners.

1.6 [bookmark: 1.6_The_validation_report_contains_a_ful]The validation report contains a full list of SB-VHF SARPs requirements and for each of them will summarises the validation activities undertaken.

1.7 [bookmark: 1.7_In_addition_the_report_refers_to_oth]In addition the report refers to other documents and reports which provide additional information for the relevant validation activities.

1.8 [bookmark: 1.8_WG-I_28_discussed_and_adopted_the_fo][WG-I 28]/[PT-T XX] [DCIWG XX/ FSMP XX] discussed and adopted the following validation methods shown in Table1.1 below:



[bookmark: _Ref168294244]Table 1.1: Validation methods



		IA

		Inspection	using	common

knowledge

		

		IT

		Integration Test



		IB

		Inspection through use of prior

analysis/documents

		

		MN

		Monitoring



		A

		Analysis

		

		MD

		Manufacturer’s Data



		S

		Simulation

		

		FT

		Flight Test



		LT

		Laboratory Testing

		

		NVR

		No	Validation	Required	(may

include editorial inspection



		UT

		Unit Test

		

		

		





Note: Unit Test (UT) refers to testing equipment in isolation, whereas Integration Test (IT) refers to testing equipment connected as later in operations.



1.9 In addition, validation objectives are also considered to be integrated in the report.



1.10 The structure of the table required in 1.3.2. is provided in Annex A. For each of the SARP, the table provides the SARP number and text.










2. EXECUTIVE SUMMARY

(Work in progress)

The air transport sector is a key piece in the development of countries, especially in the countries that need the most social development, for which we do not want any to be left behind, and where they need to deploy the necessary infrastructure in a quick, economic and safe way.

Traffic growth faces significant challenges in terms of capacity, lack of coverage in oceanic and remote areas and reduction of emissions. This requires harmonized solutions that can be implemented globally and in the shortest period of time.

Solutions that can be implemented with the minimum possible changes in infrastructure and regulations would be ideal for the air transport sector.

Satellite systems applied to the air transport sector are the solution that best fits to solve its structural problems that affect globally.

The Space-Based VHF concept provides an important step for the air transport sector, providing global solutions, rapid implementation and with minimal regulatory changes, without the need for changes in aircraft avionics, the main obstacle when implementing new solutions.

The AMS(R)S in the frequency band 117.975-137 MHz will provide Voice and Data communications including other functionalities such as SELCAL or Off-set carrier and recovering from space the possibility of attend emergency emissions from ELTs at the 121.500 MHz frequency and being able to provide support from space for Search And Rescue missions at the 123.100 MHz frequencies, which is a great help for emergency situations worldwide.

Space-Based VHF is not planned in the short term to provide services based on VDL Mode 3 or VDL Mode 4 unless these technologies are massively deployed in the ground segment or, at least, incorporated into aircraft avionics in a high degree.

VHF communications services from space, together with ADS-B services, could make it possible to reduce the minima separation between aircrafts and solve current capacity problems and provide tools to improve the efficiency of aircraft management, for example, allowing aircraft to fly on preferred routes reducing time, fuel and CO2 emissions.

The sector has already expressed interest in Space-Based VHF and has shown this by broadly supporting and approving the allocation of the use of the AMS(R)S service in the frequency band 117.975-137MHz at the WRC-23.

Different organizations have worked for more than 5 years carrying out studies, analyzes, simulations and testing to guarantee the technical feasibility of the Space-Based VHF, as well as the compatibility studies with the services operating in the adjacent bands and in the aspects that must be taken into account for a perfect integration with current AM(R)S services.

The details of the technical aspects studied, analyzed and verified in the laboratory and in real operational scenarios are included in this Validation Report as well as the justification of the changes requested in Annex 10, Volume III and Volume V reflected in the verification matrices of Appendices A and B respectively.

With the approval of these changes at the SARP level, other technical aspects will be detailed at a second level, such as the review of some parameter of the VDL Mode 2 protocols or testing procedure that will be included in document Doc.9776 Manual on VHF Digital Link (VDL) Mode 2 or the criteria of allocation of frequencies for the AMS(R)S compatible with the current AM(R)S services that will be included in the Handbook on Radio Frequency Spectrum, Doc. 9718.

It is paradoxical but it is true, an old technology such as VHF communications in the air transport sector, integrated over the most innovative technologies such as constellations of satellites in Low Earth Orbit, is one of the vital solutions for the growth of the aeronautical sector, it will not be the future solution but it will solve many problems and will improve the air traffic management operations in the coming decades and ICAO, as an entity that supports and ensures the sustainable and safe growth of the air transport sector, is supporting and helping to make Space-Based VHF a reality in the shortest possible time.





[bookmark: 2._IPS_TESTING_IN_BOEING]

3. SPECIFIC VALIDATION PLANS AND TESTS 

3.1 SINGAPORE CLUSTER

3.1.1 Introduction



Space Technology Development Programme. This project is to conduct the feasibility study and assessment of potential solutions for the space-based VHF voice communication, for expanding the range of existing ground-based VHF voice communication between Air Traffic Control Officers (ATCOs) and pilots beyond the line-of-sight limitation. The outcomes of this project will demonstrate/prove the feasibility of space-based VHF communication, and propose cost-effective solutions for the next phase Proof-of-Concept (POC) and technology demonstration with real satellite

3.1.2 Partners

i. Office for Space Technology and Industry (OSTIn)

ii. Institute for Infocomm Research (I2R)

iii. Nanyang Technological University (NTU)

iv. National University of Singapore (NUS)

v. Institute of High Performance Computing (IHPC)

vi. Third Party

a. Civil Aviation Authority of Singapore (CAAS)

3.1.3 Timeframe

· 2021 – 2023

3.1.4 Scope and Validation Objectives

3.1.4.1 Project Objectives



Very High Frequency (VHF) voice is the primary form of communications in aviation between pilots and Air Traffic Control Officers (ATCOs) due to its lower cost (no usage charges for airlines), quick call establishment time, reliability and good voice quality. However, the current ground-based VHF communications are limited by range and line-of-sight. Space-based VHF communications, by relaying the voice signal via satellites, will expand the range of communications between ATCOs and pilots, enabling better voice coverage within Singapore’s Flight Information Region (FIR), without requiring new avionics. Unfortunately, routing the VHF signal through space presents its own unique technical challenges:

· The scintillation effects of ionosphere on the audio quality of VHF voice communication signals;

· The Doppler offset effects due to the motion of satellite on the demodulation of VHF communication signals.



This project aims to

· Develop the on-board signal processing techniques to solve these two technical challenges;

· Produce the design of satellite payload suitable for technology demonstration of space-based VHF voice communication in a cost-effective manner.

· Conduct co-existence study to ensure compatibility of space-based VHF with existing primary services in band and in adjacent frequency bands as defined in ITU Radio Regulations Article 5.



The outcomes of this project will lead to the future development and in-orbit technology demonstration of space-based VHF voice communication, which could potentially enhance the efficiency and capacity of air traffic control as well as the safety of airspace users.

3.1.4.2 Major achievements



The major achievements in this project are summarized as below:



Phenomenon Study

· Scintillation Effect:

- NTU team investigated the time-varying irregularities of ionospheric electron density and the granularity of the severity with the GNSS data recorded in NTU and other resources. High rate scintillation data based on GNSS signal were collected since December 2021. Because the current scintillation activity is rather low, the NTU team has worked with Prof. Jade Morton at the University of Colorado at Boulder to examine some historical data both from the NTU/CU Boulder receiver on campus at NTU and from data from GNSS receivers in Prof. Morton’s network at other sites. We have identified several samples for amplitude fluctuations during different levels of scintillation events at a few low-latitude locations. Total Electron Content (TEC), Rate of change of Total electron content Index (ROTI), and Scintillation Indices (S4, ) for the GNSS receiver data were processed and some statistics were built up.

- IHPC team developed and employed the Global Ionospheric Scintillation Model (GISM) accepted by ITU-R as a reference for scintillation evaluation to predict the intensity of ionospheric scintillation taking place on paths between the Earth and space, and to characterize the scintillation effect on the VHF satellite signals.

- I2R-SAM team used the Cornell scintillation model to simulate the scintillation time history in amplitude and phase, whose results were compared with real measured scintillation signals in literatures and showed good similarities. In early 2022 I2R-SAM team setup a VHF ground station at NTU to receive available ORBCOMM satellite signals (in 137MHz -138MHz) for evaluating the scintillation phenomenon in VHF band. The decoding techniques for ORBCOMM signals was developed, and the scintillation effects (S4 index and amplitude fading time history) on VHF signals were successfully characterized. With this ground station, about one-year measurements of ORBCOMM signal were conducted from March 2022 to February 2023 and the statistical analyses were performed.

· Doppler Offset: I2R-SAM team analyzed the Doppler offset caused by satellite and aircraft motion and derived the tolerable Doppler offset range for Singapore FIR and various number of multi-carrier systems in accordance with the relevant requirements in ICAO Annex 10.



System Design

· POC Satellite Design:

- I2R-SAM team conducted the top-level design of POC satellite payloads. For the analog VHF link payload, extensive link budget analyses and power flux density simulations were conducted to determine the VHF transceiver and antenna system specifications in accordance with the requirements in ICAO Annex 10. Various types of high gain VHF antennas, including helical antenna (single and twin), quadrifilar antenna, and parabolic

antenna, were investigated and the beam patterns were generated with electromagnetic simulations. The characteristics of some key components, e.g., VHF power amplifier, were measured and tested. For the digital feeder link payload, the link budget were calculated for both downlink and uplink, and extensive market survey was conducted for the commercial-off-the-shelf (COTS) products. In addition, the compliance with ITU Regulation was also checked and potentially the digital feeder link payload can also meet the requirements of ITU Radio Regulation Article 21.

· Space-based Deployment Study:

- I2R-SAM team developed a MATLAB software tool to simulate the exact coverages for both VHF downlink (in terms of the power flux density distribution on the Earth surface) and uplink (in terms of the satellite received signal power level), and therefore derived the optimal satellite constellation deployment schemes in various scenarios (incorporating the effects of Doppler offset and carrier offset of multi-carrier systems) for the continuous coverage of Singapore FIR.

· Processing Algorithm Design:

- NUS team developed an efficient estimation algorithm at the satellite receiver to estimate and compensate the scintillation fading for the uplink communication by exploiting the carrier signal as a high-quality reference signal. By exploiting the uplink-downlink channel similarity, a pre-equalization technique at the satellite transmitter was also proposed to compensate the scintillation fading for the downlink communication.

- I2R-ALI team developed two algorithms for speech enhancement: AI U-Net (offline line version) and AI RNN (online version). The experimental results indicated that the proposed methods achieved quite consistent improvements for the disturbed voices under simulated scintillation interference, real scintillation interferences and added additional noise conditions from 5% to 30% relative speech quality improvement. For missing voice data recovery part, we have studied the Linear Prediction Coding (LPC) method and achieved about 30% speech quality improvement for the simulated missing speech under VHF channel communication condition.



Compatibility Study of AMS(R)S

· Access Partnership was engaged to conduct technical and regulatory studies and support CAAS in pursuit of allocating AMS(R)S in the aeronautical VHF bands (117.975-137 MHz). They have developed a strategy for achieving a new allocation for satellite operation in the VHF frequency band, in co-operation with CAAS, and contributed to two ITU-R WP5B meetings in November 2021 and April 2022, and one ITU-R CPM meeting in March 2023.

3.1.5 References

i. [116] Designing a Space-based VHF Voice Communication System. Office for Space Technology and Industry. Space Technology Development Programme – Final Report







3.2 SESAR VOICE PROGRAM

3.2.1 Introduction



Funded within the framework of Horizon 2020, the aim of the VLD2-VOICE: “Reduced separations and improved efficiency based on Vhf cOmmunICations over LEO satEllites” Project is to demonstrate the feasibility of the ground segment as enabler of the space-based VHF communications providing voice and CPDLC services over VLD-M2 in the oceanic airspace. The deployment of such a satellite constellation implementing these technologies could enable the handling of traffic in oceanic and remote airspace as in the continental ones, and potentially enable the reduction of separation in these airspaces without compromising the safety. This whole solution will imply a new infrastructure composed of the following elements: 

• Ground segment: represented with the equipment that will be installed to address the exercises. VOICE project is focused on the development of this segment and its integration with the operational systems (including ATMIC, ATM Interface Centre, and ground stations). 

• Space segment: represented as an actor with the COTS-based HAPS-B (previously, satellite / HAPS-A) equipped with the VHF voice, VHF data and ADS-B payloads. The Space Segment has been developed out of VOICE project and hence not included on the scope of the project (external dependency). Nevertheless, the VOICE project uses this segment to demonstrate the feasibility of the approach. 

Note: HAPS was a prototype of satellite but only with the payload installed, VHF subsystem, ADS-B subsystem and Feeder Link subsystem with the intention to be positioned at high altitude using a balloon but finally the HAPS was sited at a mountain.

• Air segment: represented as the aircraft with the existing equipment (VHF voice and data, ADS-B) on board. The aircraft avionics do not require mayor change or modifications. This is a requisite to get acceptance from the users, and to ensure that the system will be easily and rapidly deployed. Some minor changes could be necessary in order to include the VHF frequencies; however, this is a minor software change and does not require any kind of recertification. Hence VOICE project doesn´t perform any development in the airborne segment. 

3.2.2 Partners

i. Indra Sistemas, S.A

ii. Enaire (Spanish ANSP)

iii. Eurocontrol

iv. Gomspace LUX

v. Gomspace A/S

vi. Third Parties

a. SITA

b. CRIDA

c. Aireuropa

3.2.3 Timeframe

· 2021 – 2023

3.2.4 Scope and Validation Objectives

3.2.4.1 Project Objectives



The objective of VLD2 – VOICE project is to demonstrate the feasibility of the ground segment as enabler of the space-based VHF communications in the oceanic airspace. With the use of satellite-based VHF systems providing voice and data link ATS, traffic in oceanic and remote airspace can be handled as in a continental one, and current separation could be reduced without compromising safety.



To demonstrate the feasibility of the full concept, the following segments are involved: ground, space and airborne.



Although the scope of VOICE project was focused only on the development of the ground segment and the corresponding integration with the operational systems, the validation exercises involved and also used the other segments, space (only payload) and airborne, as the success of the demonstration requires that all the segments work properly jointly. The design, payload and airborne segments (no changes required in the avionics) were out of the scope of the project, although both segments were necessary for the execution of the exercises.

3.2.4.2 Major achievements



The laboratory and on ground end-to-end tests have provided conclusions regarding the services studied, voice, data, and ADS.B surveillance, using LEO satellites that can be used to continue the investigation path and disseminate the findings within the air navigation community.



The quality of the audio signal was measured as high (SINAD above 10dB, THD below 5%, and MOS of 3.8/4.2 over 5) and latency was measured as low (latency of 200ms for the complete system and latency below 16 ms in the ATMIC).



For VHF Voice using 25 kHz channels and DSB AM modulation, the following key outcomes can be stated:



· The frequency capture range specified in the standards Annex 10, Vol III, is well above the maximum Doppler shift of ± 3.2 kHz.

· Effective acceptance bandwidth with offset carrier: ± 8000 Hz.

· Effective acceptance bandwidth without offset carrier: ± 6850 Hz.

· The aircraft voice radios can then receive correctly the satellite transmissions without any pre-compensation.



Controllers and flight crew indicated that the audio quality was satisfactory in the test performed.



In relation to the data service, Data communication sessions were established, maintained, and closed in all the tests performed using the VOICE platform equipment. The feasibility of Space-Based VHF data service in laboratory conditions include use of the Doppler pre-compensation feature.



For VDLm2 links, the impact of the Doppler in satellite transmission at the aircraft radio reception is expected to be more severe than for voice, due to the frequency capture range specified in the standards EUROCAE ED-92C (Minimum Operational Performance Standard (MOPS) for an Airborne VDL Mode-2 System Operating in the Frequency Range 118-136.975 MHz) of ± 967 Hz is well below the Doppler shift of ± 3.2 kHz. From the analysis, the following key outcomes can be stated:

· A Doppler pre-compensation mechanism needs to be implemented in the satellite transmission to guarantee that the satellite transmission are received in the aircrafts VDL radios with an offset not higher than the specification.

· Several mechanisms are possible to implement the pre-compensation mechanism. The example presented in previous sections consists basically in:

· For unicast messages, compute the Doppler from the knowledge of aircraft and satellite positions, and introduced the resulted offset. 

· For broadcast messages, repeat the transmission several times to guarantee that all aircrafts will detect it. The increment in load derived from this approach is expected to be low as most of messages are unicast.



The data communication has been established between the avionics of operating aircraft and a simulated ground end system, for both FANS and ATN, enabling the exchange of CPDLC messages from the controller to the pilot and vice versa.



The quality of the data signal was measured as high (average FER 0.0). Latency was measured as low (ground to airborne 213ms, airborne to ground 143 ms).



In summary, the results obtained in the laboratory and on ground end-to-end tests are within the expectations, demonstrating that the VOICE Demonstration Platform has several features and functionalities that make the system suitable for the implications of operating in a space environment. In particular, it was demonstrated that the VHF Voice and Data systems can operate correctly affected by when LEO satellite propagation effects as the LEO satellite Doppler, path attenuation, scintillation and increase of delay due to the feeder link and, in consequence, enabling its potential deployment for the execution of the original approach (use of a single small LEO satellite).

3.2.4.3 References

[114] D4.2. SESAR2020 VLD2 VOICE - Final Demonstration Report Ed.00.01.02



3.3 CINEA (EU) / SJU ECHOES PROGRAM

3.3.1 Introduction



In airspaces where traffic leaves continental airspace entering oceanic one, there is a dramatic decrease of capacity. This is because the usual CNS ground-based infrastructure existing on the continental area disappears or terribly diminishes on oceanic area, leading to establish higher separation requirements amongst aircraft over oceanic airspace than over the continental one for the sake of safety. In the situation of more traffic to be handled in a cost-efficient way and based on Trajectory Based Operations, Communications improvement in this airspace will pave the way for optimizing the use of this oceanic airspace by means of reducing the separation and improving the aircraft trajectories.



The overall objective of ECHOES is to demonstrate the technical feasibility of a space-based solution for Very High Frequency (VHF) communications (voice and datalink) for the aviation sector. This, in combination with Space-Based Automatic Dependent Surveillance Broadcast (ADS-B), will greatly contribute to Air Traffic Management (ATM) in terms of safety, capacity, cost-efficiency and environmental impact, focusing mainly in oceanic areas although serving as backup for continental areas if necessary. In order to provide the required services and test this technology, ECHOES will develop, manufacture and launch two satellites in a Low Earth Orbit. These satellites will serve as the platform to test the technologies and services aimed at improving the Air Navigation Services. ECHOES will conduct a series of use cases in the South Atlantic corridor, including Southwest European oceanic airspace.

3.3.2 Partners

i. STARTICAL SL (Startical)

ii. INDRA SISTEMAS, S.A (Indra)

iii. Enaire (Spanish ANSP)

iv. NAVEGAO AEREA DE PORTUGAL – NAV PORTUGAL EPE (NAV Portugal)

v. Deutsches Zentrum Fur uft – Und Raumfahrt EV, (DLR)

vi. Mitiga Solutions S.L. (Mitiga)

vii. Third Parties

a. CSP

i. SITA

b. Technologies

i. Gomspace

ii. Nanoavionic

iii. CRIDA

iv. Alen Space

v. Zenia Labs

vi. Oxford Space

vii. KSAT

c. ANSP

i. ASA (Cape Verde ANSP)

ii. ASECNA (African ANSPs consortium)

iii. DECEA (Brazilian ANSP)

d. Airlines

i. Aireuropa

ii. Iberia

iii. Plus-Ultra

iv. TAP

v. TUI

vi. Vueling

3.3.3 Timeframe

· 2022-2025

3.3.4 Scope and Validation Objectives

3.3.4.1 Project Objectives



The demonstration exercises will be based on services (voice/data/ADS-B) to ease the execution of the exercises (minimising the required team that will participate in the trials allowing separated periods of time for the execution of each exercise). An exception is the first exercise, the ADS-B service that will be performed continuously to enable the surveillance and selection of the flights under satellite coverage.



The following exercises will be performed:

· EXE1: Satellite-based ADS-B in oceanic airspace 

· EXE2: Satellite-based VHF for voice communications in oceanic airspace 

· EXE3: Satellite-based VHF for ATN data communications in oceanic airspace 

· EXE4: Satellite-based VHF for FANS data communications in oceanic airspace 

· EXE5: Satellite-based VHF for AOC communications in oceanic airspace

3.3.4.2 Major achievements



· Transmission functionalities: Power, modulation, frequency range, emissions and stability

(work in progress)

· Receiving functionalities: Sensitivity, effective bandwidth and interferences

(work in progress)

· Link budget simulation and tests

(work in progress)

· VDLM2 link layer communication and integration test

(work in progress)

3.3.4.3 References



[117] ECHOES VHF Payload Qualification Summary Report (TBC)

[118] ECHOES VHF Operational Exercises Outcomes Summary Report (TBC)



3.4 AUSTRALIA CLUSTER

3.4.1 Introduction



In mid-2023, Skykraft demonstrated a space-based VHF voice system as a Proof of Concept. The demonstration used a ground-based receiver, which successfully received a pre-recorded voice signal transmitted from the satellite. Space-based VHF gave suitable voice quality without causing interference to adjacent channels, and did not itself experience harmful interference. Skykraft worked with Airservices Australia to plan for and mitigate the risks involved in the demonstration.



Follow-on validation at representative power is to be undertaken once pre-production and constellation satellites are launched during 2025.  Likewise, a survey of known terrestrial emitters, such as ATIS, will be undertaken from satellites on orbit to verify satellite beamshapes, typical polarization behaviour and fading (scintillation) levels.

3.4.2 Partners

viii. Skykraft

ix. Third Party

a. Air Services Australia (Australian ANSP)

3.4.3 Timeframe

· 2023

3.4.4 Scope and Validation Objectives

3.4.4.1 Project Objectives



The purpose of the trials was to demonstrate the ability to send and receive signals, and to confirm that there were no major impediments to developing an operational space-based VHF service for aviation. The satellites and trial were not intended as a high fidelity link budget assessment, so the results have imitations in that respect.

3.4.4.2 Major achievements



The nominal link budget overleaf, and the received signal levels recorded show broad agreement that are well within reasonable bounds. The major unaddressed uncertainty is the depth and probability of scintillation fading, which will be most prevalent around the tropics in the evening.

Skykraft have gained sufficient confidence from these trials to proceed directly to construction of the fully capable satellites.



3.4.4.3 References



[115] SK_EXC_CIO_0028_VHF_Link_Budget_Flight_Validation





3.5 SPAIN CLUSTER

3.5.1 Introduction

The use VHF channels by a Space-Based VHF operator requires the coordination between the AM(R)S operators and the AMS(R)S operators, this coordination could be based on two models:

· Frequency reuse and frequency allotment coordination process between AM(R)S operators and the AMS(R)S operators.

· Frequencies allotment for use from AMS(R)S operators.



Both models can be applied to Voice and Data services considering the operational different between Voice services and Data services. Voice services cannot share a same frequency when this frequency is operating different airspace by different operator, that is, different airspace sectors require different frequencies. Data services can share the same frequency between ground and space segment under agreement between the ground data link operator and the space data link operator.

3.5.2 Partners

i. Startical

ii. Indra Sistemas, S.A

iii. Enaire (Spanish ANSP)

3.5.3 Timeframe

· 2023 - 2025

3.5.4 Scope and Validation Objectives

3.5.4.1 Project Objectives



To support the introduction of a new provision on PfA Vol V for Space-Based VHF frequencies, this study analyses the use of VHF Voice and Data channels worldwide and estimate the availability of reuse channels or allotment channels for AMS(R) Service in a regional basis.



The analysis has been based on the availability information on the Frequency Finder data base, SAFIRE data base, and some national information available.

The analysis has been done over the 760 channels in the frequency band 117.975-137 MHz.



3.5.4.2 Major achievements

Use and available frequencies on AFI region



The analysis on the AFI region outcomes 537 VHF 25 kHz channels not declared in use, 29 of them in the data link sub-band of 136-137 MHz. 

Use and available frequencies on CAR/SAM region



The analysis on the CAR region outcomes 437 VHF 25 kHz channels not declared in use, 36 of them in the data link sub-band of 136-137 MHz. 



The analysis on the SAM region outcomes 352 VHF 25 kHz channels not declared in use, 20 of them in the data link sub-band of 136-137 MHz. 



The analysis on the aggregated CAR/SAM region outcomes 301 VHF 25 kHz channels not declared in use, 17 of them in the data link sub-band of 136-137 MHz. 

Use and available frequencies on NAT region

(work in progress)

Use and available frequencies on EUR region

(work in progress)

Use and available frequencies on MID region

(work in progress)

Use and available frequencies on APAC region

(work in progress)

3.5.4.3 References



[119] VHF 117.975-137 MHZ use and availability channels on a regional basis



[bookmark: 2.1.1_Introduction]

[bookmark: Boeing_along_with_partners_Honeywell,_SI][bookmark: Using_this_aircraft_configuration,_three][bookmark: 10._APPENDICES]



4. COMPLIANCE TO ANNEX 10 VOL III SARPS

Provided in Annex A of this document.



5. COMPLIANCE TO ANNEX 10 VOL V SARPS

Provided in Annex B of this document.



6. CONCLUSIONS OF VALIDATION ACTIVITIES

(work in progress)

Space-Based VHF has been validated in a large number of activities, including studies, analysis, simulation, units test, integration test and algo operational testing. These activities have been developed by different entities worldwide known as Enaire, Indra, Startical, Skykraft, I2R, SITA ….

All Space-Based SARPs requirements have been fully validated (compliant) and the results of the Validation Report shows the maturity of Space-Based VHF.



7. REFERENCES



[bookmark: 11.1_Annex_10_-_Aeronautical_Telecommuni][114] D4.2. SESAR2020 VLD2 VOICE - Final Demonstration Report Ed.00.01.02

[115] SK_EXC_CIO_0028_VHF_Link_Budget_Flight_Validation

[116] Designing a Space-based VHF Voice Communication System

[117] ECHOES VHF Payload Qualification Summary Report (TBC)

[118] ECHOES VHF Operational Exercises Outcomes Summary Report (TBC)

[119] VHF 117.975-137 MHZ use and availability channels on a regional basis
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ANNEX A – SB-VHF SARPS VALIDATION TABLE (Annex 10 – Volume III)



(Work in progress. Refer PfA Vol III version v016+ADD Chapter 13)



		

SB-VHF SARPs:

Numbering and Text

		

Validation method used

		



Validation contributing Partners

		Compliance

		



Validation conclusions/summary



		

		Annex 10 – Volume III – Part I – Chapter 1 – DEFINITIONS



		Chapter 1

		Space-Based VHF. An Aeronautical Mobile- Satellite (R) Service (AMS(R)S) in the frequency band 117.975 – 137 MHz, that provides an Air-Ground VHF Digital Link (VDL) and/or VHF Voice Communication System from a Low Earth Orbit Satellite.

		NVR

		

		

		This describes the term ‘Space-Based VHF’ that is used for the first time in this PfA.

Therefore, No Validation Required.









		

SB-VHF SARPs:

Numbering and Text

		

Validation method used

		



Validation contributing Partners

		Compliance

		



Validation conclusions/summary



		

		Annex 10 – Volume III – Part I – Chapter 4 – AERONAUTICAL MOBILE-SATELLITE (ROUTE) SERVICE (AMS(R)S)



		Chapter 4

		Note 1.— This chapter contains Standards and Recommended Practices applicable to the use of Aeronautical Mobile-

Satellite (R) Service (AMS(R)S) communications technologies excluding those that apply to AMS(R)S for Space-Based VHF. The Standards and Recommended Practices in this chapter are service-and

performance-oriented and are not tied to a specific technology or technique. Provisions applicable to the use of AMS(R)S in the frequency band 117.975-137 MHz by an Air-Ground VHF Digital Link (VDL) system, are contained in Chapter 13, Part I of this Volume and by an Air-Ground VHF Voice Communications System are contained in Chapter 6, Part II of this Volume.

		NVR

		

		

		Editorial changes. The title of Chapter 4 indicates that the standards in this section could apply to the new AMS(R)S allocation in the band 117.975 – 137 MHz. This changes to Note 1 directs the reader to correct location in the document for the standards that apply to this new service.

Therefore, the rest of this Chapter 4, section 4.1 to section 4.7 do not applies to Space-Based VHF.









		

SB-VHF SARPs:

Numbering and Text

		

Validation method used

		



Validation contributing Partners

		Compliance

		



Validation conclusions/summary



		

		Annex 10 – Volume III – Part I – Chapter 6 – VHF AIR-GROUND DIGITAL LINK (VDL)



		

		APPENDIX TO CHAPTER 6 REFERENCES

		NVR

		

		

		Informative section.

Therefore, No Validation Required.



		Table 6-2

		Modes 2 and 3 modulation stability

Space Modulation Stability 

Mode 2: ± 0.0050 per cent

Mode 3: Not defined



		A, UT

		ECHOES PROGRAM

		

		During the execution of ECHOES PRGRAM have been carried out tests over one unit during the qualification testing of a Space-Based VHF System demonstrating the compliance of this modulation stability requirement.



REF Doc: [117] ECHOES VHF Payload Qualification Summary Report (TBC)









		

SB-VHF SARPs:

Numbering and Text

		

Validation method used

		



Validation contributing Partners

		Compliance

		



Validation conclusions/summary



		

		Annex 10 – Volume III – Part I – Chapter 13 – SPACE-BASED VHF AIR-GROUND DIGITAL LINK (VDL)



		13.1

		SYSTEM CAPABILITIES

	Note 1.— The very high frequency (VHF) digital link (VDL) Mode 2 provides data service capabilities. The data capability is a constituent mobile subnetwork of the aeronautical telecommunication network (ATN). In addition, the VDL may provide non-ATN functions. Standards and Recommended Practices (SARPs) for the VDL are defined and referenced below.

	Note 2.— Additional information on VDL is contained in the Manuals on VHF VDL Mode 2 (Doc 9776).



Note 3.— All the requirements for VDL Mode 2 from Chapter 6 VHF Air-Ground Digital Link apply to Space-Based VHF Air-Ground Digital Linkl, except where they are specified in this chapter.



		NVR

		

		

		This section and the note have been incorporated in this new section to elaborate a same new Chapter 13 structure equivalent to the Chapter 6 for a better understanding and reading. This new text is agnostics to a Space-Based VHF system.

Therefore, not verification required.



		13.1.1

		Radio channels and functional channels

		NVR

		

		

		Section title, therefore, no validation required.



		13.1.1.1

		Space station radio frequency range. A space station shall be capable of operating on its assigned channel within the radio frequency range detailed in 13.1.4.1.



		UT

		ECHOES PROGRAM

		

		During the execution of ECHOES PRGRAM have been carried out tests over one unit during the qualification testing of a Space-Based VHF System demonstrating the compliance of this frequency range requirement.



REF Doc: [117] ECHOES VHF Payload Qualification Summary Report (TBC)



		13.1.2

		System capabilities

		NVR

		

		

		Section title, therefore, no validation required.



		13.1.2.1

		Broadcast. The VDL system shall provide link layer data broadcast services (Mode 2).

		IT

		VOICE PROGRAM

		

		During the execution of exercises, under VOICE program, an Integration Test connecting end-to-end, aircraft ATSU to/from ANSP ATSU using a space payload and a real feeder link have been carried out providing link layer data broadcast services Mode 2.



REF Doc: [114] D4.2. SESAR2020 VLD2 VOICE - Final Demonstration Report Ed.00.01.02



		

		

		IT

		ECHOES PROGRAM

		

		During the execution of exercises, under ECHOES program, an Integration Test connecting end-to-end, aircraft ATSU to/from ANSP ATSU from the space have been carried out providing link layer data broadcast services Mode 2.



REF Doc: [118] ECHOES VHF Operational Exercises Outcomes Summary Report (TBC)



		13.1.2.2

		Connection management. The VDL system shall establish and maintain a reliable communications path between the aircraft and the space system while allowing but not requiring manual intervention.



Note.— In this context “reliable” is defined by the BER requirement specified in 6.3.5.1.

		IT

		ECHOES PROGRAM

		

		During the execution of exercises, under ECHOES program, an Integration Test connecting end-to-end, aircraft ATSU to/from ANSP ATSU from the space have establishing and maintaining a reliable communications path between the aircraft and the space system without manual intervention.



REF Doc: [118] ECHOES VHF Operational Exercises Outcomes Summary Report (TBC)



		13.1.2.3

		VDL Station network transition. A VDL-equipped aircraft shall transition from one ground station to a space station or from one space station to another space station or from one space station to another ground station when circumstances dictate.



		IT

		VOICE PROGRAM

		

		During the execution of exercises, under VOICE program, an Integration Test connecting end-to-end, aircraft ATSU to/from ANSP ATSU commanding the aircraft to connect to the space link channel used for the test.



REF Doc: [114] D4.2. SESAR2020 VLD2 VOICE - Final Demonstration Report Ed.00.01.02



		

		

		IT

		ECHOES PROGRAM

		

		During the execution of exercises, under ECHOES program, an Integration Test connecting end-to-end, aircraft ATSU to/from ANSP ATSU from the space transitioning from one ground station to a space station.



REF Doc: [118] ECHOES VHF Operational Exercises Outcomes Summary Report (TBC)



		13.2

		SYSTEM CHARACTERISTICS OF THE SPACE INSTALLATION

		NVR

		

		

		Section title, therefore, no validation required.



		13.2.1

		Space station transmitting function

		NVR

		

		

		Section title, therefore, no validation required.



		13.2.1.1

		Frequency stability. The radio frequency of VDL space station equipment operation shall not vary more than plus or minus 0.0002 per cent (2 parts per million) from the assigned frequency.



	Note.— The frequency stability for VDL space stations using DSB-AM modulation is specified in Part II, Chapter 2 for 25 kHz channel spacing

		A, UT

		ECHOES PROGRAM

		

		During the execution of ECHOES PRGRAM have been carried out tests over one unit during the qualification testing of a Space-Based VHF System demonstrating the compliance of this frequency stability requirement.



REF Doc: [117] ECHOES VHF Payload Qualification Summary Report (TBC)





		13.2.2

		Power

Recommendation.— The effective radiated power should be such as to provide a field strength of at least 75 microvolts per metre (minus 109 dBW/m2) within the defined operational coverage of the facility, on the basis of free‑space propagation and considering impacts from ionospheric scintillation and emission polarization losses.

		A. S, IT

		ECHOES PROGRAM

		

		During the execution of exercises, under ECHOES program, an Analysis and testing in lab of link budget, minimum field strength, has been estimated to stablish the link. This conclusion has been verified during the Integration Test connecting end-to-end, aircraft ATSU to/from ANSP ATSU from the space.



REF Doc: [118] ECHOES VHF Operational Exercises Outcomes Summary Report (TBC)





		13.2.3

		Spurious emissions

		NVR

		

		

		Section title, therefore, no validation required.



		13.2.3.1

		Spurious emissions shall be kept at the lowest value which the state of the technique and the nature of the service permit.



	Note.— Appendix S3 to the Radio Regulations specifies the levels of spurious emissions to which transmitters must conform.



		UT

		ECHOES PROGRAM

		

		During the execution of ECHOES PRGRAM have been carried out tests over one unit during the qualification testing of a Space-Based VHF System demonstrating the compliance of this spurious emissions requirement.



REF Doc: [117] ECHOES VHF Payload Qualification Summary Report (TBC)



		

		

		

		

		

		



		13.2.4

		Adjacent channel emissions

		NVR

		

		

		Section title, therefore, no validation required.



		13.2.4.1

		The amount of power from a VDL space transmitter under all operating conditions when measured over the 25 kHz channel bandwidth of the first adjacent channel shall not exceed 2 dBm.



		UT

		ECHOES PROGRAM

		

		During the execution of ECHOES PRGRAM have been carried out tests over one unit during the qualification testing of a Space-Based VHF System demonstrating the compliance of this emissions on the adjacent channel requirement.



REF Doc: [117] ECHOES VHF Payload Qualification Summary Report (TBC)



		

		

		

		

		

		



		13.2.4.2

		The amount of power from a VDL space transmitter under all operating conditions when measured over the 25 kHz channel bandwidth of the second adjacent channel shall be less than minus 28 dBm.



		UT

		ECHOES PROGRAM

		

		During the execution of ECHOES PRGRAM have been carried out tests over one unit during the qualification testing of a Space-Based VHF System demonstrating the compliance of this emissions on the adjacent channel requirement.



REF Doc: [117] ECHOES VHF Payload Qualification Summary Report (TBC)



		

		

		

		

		

		



		13.2.4.3

		The amount of power from a VDL space transmitter under all operating conditions when measured over the 25 kHz channel bandwidth of the fourth adjacent channel shall be less than minus 38 dBm, and from thereon it shall monotonically decrease at the minimum rate of 5 dB per octave to a maximum value of minus 53 dBm.





		UT

		ECHOES PROGRAM

		

		During the execution of ECHOES PRGRAM have been carried out tests over one unit during the qualification testing of a Space-Based VHF System demonstrating the compliance of this emissions on the adjacent channel requirement.



REF Doc: [117] ECHOES VHF Payload Qualification Summary Report (TBC)



		

		

		

		

		

		



		13.2.4.4

		The amount of power from a VDL space transmitter under all operating conditions when measured over a 16 kHz channel bandwidth centred on the first adjacent channel shall not exceed minus 18 dBm.



		UT

		ECHOES PROGRAM

		

		During the execution of ECHOES PRGRAM have been carried out tests over one unit during the qualification testing of a Space-Based VHF System demonstrating the compliance of this emissions on the adjacent channel requirement.



REF Doc: [117] ECHOES VHF Payload Qualification Summary Report (TBC)



		

		

		

		

		

		



		13.2.5

		Interference immunity performance

		NVR

		

		

		Section title, therefore, no validation required.



		13.2.5.1

		Space-Based VHF receivers, when operating with channel center frequency between 136.8 and 136.975 MHz, shall be designed as to be resilient to the interference environment resulting from satellite systems operating in the frequency band 137-138 MHz.





		% of the time

		Out-of-band aggregated power level (dBW/25 kHz) in the channel centered at 136.975 MHz



		50

		−180



		10

		−157



		1

		−148



		0.1

		−140



		0.01

		−134



		0.001

		−128



		0.0001

		−125







The rate of roll-off is −21 dB/(100 kHz) between 136.975 MHz and 136.875 MHz, and −8 dB/(100 kHz) between 136.875 MHz and 136.8 MHz.



	Note.— compliance with this requirement can be achieved through the implementation of a space-based VHF system as specified in the ICAO Doc XXX (to be developed by PT-SBV)





		UT

		ECHOES PROGRAM

		

		During the execution of ECHOES PRGRAM have been carried out tests over one unit during the qualification testing of a Space-Based VHF System demonstrating the compliance of this interference immunity requirement.



REF Doc: [117] ECHOES VHF Payload Qualification Summary Report (TBC)











		

SB-VHF SARPs:

Numbering and Text

		

Validation method used

		



Validation contributing Partners

		Compliance

		



Validation conclusions/summary



		

		Annex 10 – Volume III – Part II – Chapter 1 – DEFINITIONS



		Chapter1

		Space-Based VHF. An Aeronautical Mobile- Satellite (R) Service (AMS(R)S) in the frequency band 117.975 – 137 MHz, that provides an Air-Ground VHF Digital Link (VDL) and/or VHF Voice Communication System from Low Earth Orbit Satellites.

		NVR

		

		

		Editorial change. This describes the term ‘Space-Based VHF’ that is used for the first time in Part II.



Therefore, No Validation Required.









		

SB-VHF SARPs:

Numbering and Text

		

Validation method used

		



Validation contributing Partners

		Compliance

		



Validation conclusions/summary



		

		Annex 10 – Volume III – Part II – Chapter 2 – AERONAUTICAL MOBILE SERVICE



		2.1.1.3

		Note. — The band 117.975 – 132 MHz was allocated to the Aeronautical Mobile (R) Service in the ITU Radio Regulations (1947). By subsequent revisions at ITU World Administrative Radio Conferences the bands 132 – 136 MHz and 136 – 137 MHz were added under conditions which differ for ITU Regions, or for specified countries or combinations of countries (see RRs S5.203, S5.203A and S5.203B for additional allocations in the band 136 – 137 MHz, and S5.201 for the band 132 – 136 MHz). An additional primary allocation in the band 117.975 – 137 MHz was added to the Aeronautical Mobile Satellite (R) Service at the ITU World Radiocommunication Conference 2023.

		NVR

		

		

		Editorial changes. Last paragraph added to the Note. The new text is a factual statement on the outcome of WRC-23 and is included in the Final Acts of the Conference.

Therefore, No Validation Required.



		2.5

		SATELLITE VOICE COMMUNICATION (SATVOICE) SYSTEM CHARACTERISTICS



Note.— Guidance material for the implementation of the aeronautical mobile satellite service is contained in the Manual on the Aeronautical Mobile Satellite (Route) Service (Doc 9925). Additional guidance for SATVOICE systems is contained in the Satellite Voice Operations Manual (Doc 10038), and the Performance-based Communication and Surveillance (PBCS) Manual (Doc 9869). Provisions applicable to the use of AMS(R)S in the frequency band 117.975– 137 MHz by an Air-Ground VHF Digital Link (VDL) system, are contained in Chapter 13, Part I of this Volume and by an Air-Ground VHF Voice Communication System are contained in Chapter 6, Part II of this Volume.

		NVR

		

		

		Editorial changes.

This section is not applicable for Space-Based VHF and the applicable provisions are indicated in the Note changes for reader facilitation. 

Therefore, No Validation Required.
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SB-VHF SARPs:

Numbering and Text

		

Validation method used

		



Validation contributing Partners

		Compliance

		



Validation conclusions/summary



		

		Annex 10 – Volume III – Part II – Chapter 3– SELCAL SYSTEM



		Chapter 3

		SELCAL SYSTEM

		NVR

		

		

		Section title

Therefore, No Validation Required.



		3.1 

		Recommendation.— Until 2 November 2022, where a SELCAL system is installed, the following system characteristics should be applied:

….



d) Per cent modulation. The RF signal transmitted by the ground or space radio station should contain, within 3 dB, equal amounts of the two modulating tones. The combination of tones should result in a modulation envelope having a nominal modulation percentage as high as possible and in no case less than 60 per cent.

…



		NVR

		

		

		Editorial change. The change introduces the applicability of Per cent modulation also to space radio station in the same way than for current ground station.

Therefore, no validation is required.





















		

SB-VHF SARPs:

Numbering and Text

		

Validation method used

		



Validation contributing Partners

		Compliance

		



Validation conclusions/summary



		

		Annex 10 – Volume III – Part II – Chapter 6  – SPACE-BASED VHF SERVICE



		6.1

		AIR-GROUND VHF COMMUNICATION SYSTEM CHARACTERISTICS

		NVR

		

		

		Section title, therefore, no validation required.



		6.1.1

		The characteristics of the air-ground VHF communication system used in the International Aeronautical Mobile Satellite Service shall be in conformity with the following specifications:

		NVR

		

		

		Editorial changes. The new text details that the following characteristics applies also to the Aeronautical Mobile Satellite Service and it is not necessary additional validation at this level. Specific details for Aeronautical Mobile Satellite system shall be specify with new sections or modifications to current sections when it be necessary.



Therefore, No Validation Required.



		6.1.1.1

		Radiotelephone emissions shall be double sideband (DSB) amplitude modulated (AM) carriers. The designation of emission is A3E, as specified in the ITU Radio Regulations.



		NVR

		

		

		This requirement has been incorporated in this new section to elaborate a same new Chapter 6 structure equivalent to the Chapter 2 for a better understanding and reading. This requirement is related with the designation of emission and is agnostic to a Space-Based VHF system.

Therefore, not verification required.





		6.1.1.2

		Spurious emissions shall be kept at the lowest value which the state of technique and the nature of the service permit.



	Note.— Appendix S3 to the ITU Radio Regulations specifies the levels of spurious emissions to which transmitters must conform.



		UT

		ECHOES PROGRAM

		

		During the execution of ECHOES PRGRAM have been carried out tests over one unit during the qualification testing of a Space-Based VHF System demonstrating the compliance of this spurious emissions requirement.



REF Doc: [117] ECHOES VHF Payload Qualification Summary Report (TBC)





		

		

		A, S, UT

		SINGAPORE CLUSTER

		

		Singapore Cluster has carried out tests over a Space-based VHF Voice Communication System demonstrating the compliance of this spurious emissions requirement.



REF Doc: [116] Designing a Space-based VHF Voice Communication System. Office for Space Technology and Industry. Space Technology Development Programme – Final Report



		6.1.1.3 

		The radio frequencies used shall be selected from the radio frequencies in the band 117.975 – 137 MHz. The separation between assignable frequencies (channel spacing) and frequency tolerances applicable to elements of the system shall be as specified in Volume V.



	Note.— The band 117.975 – 132 MHz was allocated to the Aeronautical Mobile (R) Service in the ITU Radio Regulations (1947). By subsequent revisions at ITU World Administrative Radio Conferences the bands 132 – 136 MHz and 136 – 137 MHz were added under conditions which differ for ITU Regions, or for specified countries or combinations of countries (see RRs S5.203, S5.203A and S5.203B for additional allocations in the band 136 – 137 MHz, and S5.201 for the band 132 – 136 MHz). An additional primary allocation in the band 117.975 – 137 MHz was added to the Aeronautical Mobile Satellite (R) Service at the ITU World Radiocommunication Conference 2023.

		NVR

		

		

		This requirement has been incorporated in this new section to elaborate a same new Chapter 13 structure equivalent to the Chapter 6 for a better understanding and reading. This requirement is related with the frequency allotment and is agnostic to a Space-Based VHF system.

Therefore, not verification required.



		6.1.1.4

		The design polarization of emissions shall be vertical.





		NVR

		

		

		The system shall be designated to a vertically polarized aircraft antenna, noting that the satellite systems may use an alternate polarization to minimize any effect from Ionosphere. In this instance, a polarization loss of 3 dB must be included in the link budget.

This provision is a data to consider for the Space-based VHF system designer elaborating their link budget calculation.

Therefore, not verification required.



		6.2

		SYSTEM CHARACTERISTICS OF THE SPACE INSTALLATION 

		NVR

		

		

		Section title, therefore, no validation required.



		6.2.1

		Transmitting function

		NVR

		

		

		Section title, therefore, no validation required.



		6.2.1.1

		Frequency stability. The radio frequency of operation shall not vary more than plus or minus 0.005 per cent from the assigned frequency. Where 25 kHz channel spacing is introduced in accordance with Volume V, the radio frequency of operation shall not vary more than plus or minus 0.002 per cent from the assigned frequency. [Where 8.33 kHz channel spacing is introduced in accordance with Volume V, the radio frequency of operation shall not vary more than plus or minus 0.0001 per cent from the assigned frequency.]



	Note.— The above frequency stability requirements will not be sufficient for offset carrier systems using 25 kHz channel spacing or higher.



	6.2.1.1.2    Offset carrier systems in 8.33 kHz, 25 kHz, 50 kHz and 100 kHz channel spaced environments. The stability of individual carriers of an offset carrier system shall be such as to prevent first-order heterodyne frequencies of less than 4 kHz and, additionally, the maximum frequency excursion of the outer carrier frequencies from the assigned carrier frequency shall not exceed 8 kHz. Offset carrier systems for 8.33 kHz channel spacing shall be limited to two-carrier systems using a carrier offset of plus and minus 2.5 kHz.



	Note.— Examples of the required stability of the individual carriers of offset carrier systems may be found at the Attachment to Part II

		UT

		ECHOES PROGRAM

		

		During the execution of ECHOES PRGRAM have been carried out tests over one unit during the qualification testing of a Space-Based VHF System demonstrating the compliance of this frequency stability requirement.
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		A, S, UT

		SINGAPORE CLUSTER

		

		Singapore Cluster has carried out tests over a Space-based VHF Voice Communication System demonstrating the compliance of the offset carrier requirement for 25kHz channeling limited to two carrier systems.



REF Doc: [116] Designing a Space-based VHF Voice Communication System. Office for Space Technology and Industry. Space Technology Development Programme – Final Report



		6.2.1.2 

		Power



Recommendation.— On a high percentage of occasions, the effective radiated power should be such as to provide a field strength of a least 75 microvolts per metre (minus 109 dBW/m2) within the defined operational coverage of the facility, on the basis of free-space propagation and considering impacts from ionospheric scintillation and emission polarization losses.





		A. S, IT

		ECHOES PROGRAM

		

		During the execution of exercises, under ECHOES program, an Analysis and testing in lab of link budget, minimum field strength, has been estimated to stablish the link. This conclusion has been verified during the Integration Test connecting end-to-end, aircraft ATSU to/from ANSP ATSU from the space.



REF Doc: [118] ECHOES VHF Operational Exercises Outcomes Summary Report (TBC)





		

		

		A, S, UT

		SINGAPORE CLUSTER

		

		Singapore Cluster has carried out, analysis, simulations and tests over a Space-based VHF Voice Communication System analyzing the link budget characteristic to fulfil this requirement.



REF Doc: [116] Designing a Space-based VHF Voice Communication System. Office for Space Technology and Industry. Space Technology Development Programme – Final Report



		

		

		IT

		AUSTRALIA CLUSTER

		

		Australia Cluster has carried out, an integration tests using a real satellite in orbit analyzing the real behavior of the propagation loss, demonstrating that the power receiver was aligned with the expected values 



REF Doc: [115] SK_EXC_CIO_0028_VHF_Link_Budget_Flight_Validation.



		6.2.1.2.1

		Modulation. A peak modulation factor of at least 0.85 shall be achievable.

		UT

		ECHOES PROGRAM

		

		During the execution of ECHOES PRGRAM have been carried out tests over one unit during the qualification testing of a Space-Based VHF System demonstrating the compliance of this modulation requirement.



REF Doc: [117] ECHOES VHF Payload Qualification Summary Report (TBC)



		

		

		A, S, UT

		SINGAPORE CLUSTER

		

		Singapore Cluster has carried out tests over a Space-based VHF Voice Communication System with different modulation factor demonstrating the compliance of this requirement.



REF Doc: [116] Designing a Space-based VHF Voice Communication System. Office for Space Technology and Industry. Space Technology Development Programme – Final Report



		6.2.1.2.2

		Recommendation.— Means should be provided to maintain the average modulation factor at the highest practicable value without overmodulation.

		NVR

		

		

		This recommendation is an additional information to consider developing the design of Space-Based system.



		6.2.3

		Receiving function

		NVR

		

		

		Section title, therefore, no validation required.



		6.2.3.1

		Sensitivity. After due allowance has been made for feeder loss,  antenna polar diagram variation, ionospheric scintillation and emission polarization losses, the sensitivity of the receiving function shall be such as to provide on a high percentage of occasions an audio output signal with a wanted/unwanted ratio of 15 dB, with a 50 per cent amplitude modulated (A3E) radio signal having a field strength of 20 microvolts per metre (minus 120 dBW/m2) or more.

		UT

		ECHOES PROGRAM

		

		During the execution of ECHOES PRGRAM have been carried out tests over one unit during the qualification testing of a Space-Based VHF System demonstrating the compliance of this sensitivity requirement.
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		A, S, UT

		SINGAPORE CLUSTER

		

		Singapore Cluster has carried out, analysis, simulation and tests over the factor affecting the propagation link budget, outcomes used to calculate the potential power received at satellite to decide the minimum signal field strength at satellite antenna input.
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		6.2.3.2

		2    Effective acceptance bandwidth. When tuned to a channel having a width of 25 kHz, 50 kHz or 100 kHz, the receiving system shall provide an adequate and intelligible audio output when the signal specified at 6.2.3.1 has a carrier frequency within plus or minus 0.005 per cent of the assigned frequency.



	Note.— The effective acceptance bandwidth includes Doppler shift.





		UT

		ECHOES PROGRAM

		

		During the execution of ECHOES PRGRAM have been carried out tests over one unit during the qualification testing of a Space-Based VHF System demonstrating the compliance of this effective acceptance bandwidthl requirement.



REF Doc: [117] ECHOES VHF Payload Qualification Summary Report (TBC)



		

		

		A, S, UT

		SINGAPORE CLUSTER

		

		Singapore Cluster has carried out tests over a Space-based VHF Voice Communication System, analyzing and testing the Doppler effect over the receiver behavior demonstrating the compliance of the effective acceptance bandwidth requirement
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		6.2.3.3

		Adjacent channel rejection. The receiving system shall ensure an effective rejection of 60 dB or more at the next assignable channel.



	Note.— The next assignable frequency will normally be plus or minus 25 kHz. [Where this channel spacing will not suffice, the next assignable frequency will be plus or minus 25 kHz, or plus or minus 8.33 kHz, implemented in accordance with the provisions of Volume V.] It is recognized that in certain areas of the world receivers designed for 25 kHz, 50 kHz or 100 kHz channel spacing may continue to be used.





		UT

		ECHOES PROGRAM

		

		During the execution of ECHOES PRGRAM have been carried out tests over one unit during the qualification testing of a Space-Based VHF System demonstrating the compliance of this emissions on the adjacent channel requirement.
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		UT

		SINGAPORE CLUSTER

		

		Singapore Cluster has carried out tests over a Space-based VHF Voice Communication System demonstrating the compliance of this requirement.
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		Annex 10 – Volume III – Attachment to Part I – GUIDANCE MATERIAL FOR THE VHF DIGITAL LINK (VDL)



		1

		GUIDANCE MATERIAL FOR THE VHF DIGITAL LINK (VDL)

Note.— The Standards and Recommended Practices (SARPs) referred to are contained in Annex 10, Volume III, Part 1, Chapter 6 and Chapter 13.

		NVR

		

		

		Editorial change to incorporate the reference to the new Chapter 13.



Therefore, No Validation Required.











ANNEX B – SB-VHF SARPS VALIDATION TABLE (Annex 10 – Volume V)



(Work in progress. Refer PfA Vol V version v14)
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		Annex 10 – Volume V – Chapter 1 – DEFINITIONS



		Chapter 1

		

		

		

		

		



		

		Space-Based VHF. An Aeronautical Mobile- Satellite (R) Service (AMS(R)S) in the frequency band 117.975 – 137 MHz, that provides an Air-Ground VHF Digital Link (VDL) and/or VHF Voice Communication System from Low Earth Orbit Satellites.



		NVR

		

		

		This describes the term ‘Space-Based VHF’ that is used for the first time in this PfA.

Therefore, No Validation Required.
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		Annex 10 – Volume V – Chapter 4 – UTILIZATION OF FREQUENCIES ABOVE 30 MHz



		4.1.2.5

		Note.— Table 4-1 (bis) provides the frequency channel pairing plan which retains the numerical designator of the 25 kHz DSB-AM environment and allows unique identification of a 25 kHz VDL channel and 8.33 kHz channel when operating in the AM(R)S.



		NVR

		

		

		Editorial changes. The new text details that the allotment table applies also to the Aeronautical Mobile Satellite Service, and it is not necessarily additional validation at this level.



Therefore, No Validation Required.





		4.1.3.1.1

		Note 2.— The ITU Radio Regulations (RR 5.200) permit the use of the aeronautical emergency frequency 121.500 MHz by mobile stations of the maritime mobile service under the conditions laid down in Article 31 of the Radio Regulations for distress and safety purposes with stations of the aeronautical mobile service and the aeronautical mobile-satellite service.

		NVR

		

		

		Editorial change. The new text has been added to include the space station as a user for distress and safety purposes. 

Therefore, No Validation Required.



		4.1.3.5

		Space-Based VHF Alternate frequencies

		NVR

		

		

		Section title, therefore, no validation required.



		4.1.3.5.1

		Identification of Space-Based VHF frequencies shall be made on the basis of a regional agreement 

		NVR

		

		

		Work in progress



This new text is related with the frequency allotment and is agnostic of Space-Based System.

Noting the provision that aircraft systems remain unchanged, the Space-Based system will be compatible with the entire data link band (136.0-136.975 MHz).



Therefore, No Validation Required.



		4.1.4.2

		….

Note 5.— The criteria contained in 4.1.4.1 and 4.1.4.2 are applicable in establishing minimum geographical separation between VHF facilities, with the object of avoiding co-channel air-to-air interference. Guidance material relating to the establishment of separation distance, or maximum undesired interference level, between ground stations, between space stations, between ground and space stations, between aircraft and ground stations and between aircraft and space stations for co-channel operations is contained in the Handbook on Radio Frequency Spectrum Requirements for Civil Aviation including statement of approved ICAO policies (Doc 9718).

		

		

		

		Work in progress



		4.1.4.11

		

The communication coverage provided by a VHF space transmitter shall, in order to avoid harmful interference to other stations, be kept to the minimum consistent with the operational requirement for the function.



		

		

		

		Work in progress



		4.1.6

		Plan of assignable VHF radio frequencies for use in the international aeronautical mobile service

….



Introduction



This plan designates the list of frequencies available for assignment, together with provision for the use by the aeronautical mobile (R) service and the aeronautical mobile satellite (R) service of all frequencies with a channel spacing of 25 kHz, and of all frequencies with a channel width and spacing of 8.33 kHz where applicable.

		NVR

		

		

		Editorial changes. The new text details that the Plan of assignable VHF radio frequencies applies also to the Aeronautical Mobile Satellite Service and it is not necessary additional validation at this level. 



Therefore, No Validation Required.



		4.1.6.1

		The frequencies in the frequency band 117.975 – 137.000 MHz for use in the aeronautical mobile (R) service and the aeronautical mobile satellite (R) service shall be selected from the lists in 4.1.6.1.1.

		NVR

		

		

		Editorial changes. The new text details that the requirement applies also to the Aeronautical Mobile Satellite Service and it is not necessary additional validation at this level. 



Therefore, No Validation Required.



		4.1.6.2

		The frequencies that may be allotted for use in the aeronautical mobile (R) service or aeronautical mobile satellite (R) service in a particular region shall be limited to the number determined as being necessary for operational needs in the region.

		NVR

		

		

		Editorial changes. The new text details that the requirement applies also to the Aeronautical Mobile Satellite Service and it is not necessary additional validation at this level. 



Therefore, No Validation Required.
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		Annex 10 – Volume V – ATTACHMENT B – GUIDING PRINCIPLES FOR LONG DISTANCE OPERATIONAL CONTROL COMMUNICATIONS



		ATTACHMENT B

		GUIDING PRINCIPLES FOR LONG DISTANCE OPERATIONAL CONTROL COMMUNICATIONS

		

		

		

		



		

		Note.— The specific categories of messages that may be handled on aeronautical mobile (R) service or aeronautical mobile satellite (R) service channels are prescribed in Annex 10, Volume II, Chapter 5, 5.1.8. The same chapter defines the standard communications procedures for the service including the requirements for maintaining watch in Annex 10, Volume II, Chapter 5, 5.2.2. In accordance with RR 18.6 of the ITU Radio Regulations, licences should define the purpose of the station for aeronautical operational control (as defined in Annex 6, Part I) and should specify the general characteristics in accordance with Appendix 27 of the Radio Regulations.



		NVR

		

		

		Editorial changes. The new text details that the requirement for category of messages and the Establishment and assurance of communications defined in Annex 10, Vol II, applies also to the Aeronautical Mobile Satellite Service and it is not necessary additional validation at this level. 



Therefore, No Validation Required.
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