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	SUMMARY

	In this Working Paper, the Space-Based VHF Correspondance Group presents its progress in developing the Space-Based VHF SARPs Validation Report to support Annex 10 Vol V Proposal for Ammendment (PfA) for Space-Based VHF. This version of the Validation Report combines also the scope to support Annex 10 Vol III PfA related with Space-Based VHF.





INTRODUCTION
The Space-Based VHF Correspondence Group (CG) was established at FSMP WG/17 and the terms of reference for the group was approved at FSMP WG/18. 
DISCUSSION
The attached update to the Space-Based VHF SARPs Validation Report incorporates all the material obtained in recent years from the work carried out within the ITU during the feasibility and compatibility studies to allocate the AMS(R)S in the 117.975-137MHz band.
Likewise, this Validation Report also incorporates all available works carried out by industrial, governmental and academic entities related to the Space-Based VHF concept. It is also planned to incorporate the results of other work in progress.
It is important to maintain all the available information compiled in this Report, whether in its entirety, partial content or as a reference, so that the different ICAO study panels can find a reference to their area of ​​responsibility.
All this collected material will serve to support the changes that are finally decided to be adopted in the PfA of Vol III and Vol V related to the Space-Based VHF. Once the final changes have been agreed, this Validation Report could be simplified by removing all information that was not considered useful.
Work is being done on the understanding that under the FSMP/SB-VHF CG, matters related to the PfA of Vol V are discussed and addressed and that under the DCIWG/PT-SBV, matters related to the PfA of Vol III are discussed and addressed. In the meantime, until the final versions of the PfAs approach, the Validation Report will remain as a single reference document.
As a summary of the current scope of this Validation Report version, the different sections content the following:
Section 1. Introduction and Methodology. This section covers the formal and procedural to follow in elaborating the Validation Report and need to be reviewed by the Secretariat.
Section 2. Executive Summary. This section is aming to summary all work done supporting the Space-Based VHF concept, PfAs, and taking into account the potential view and interest of  others ICAO stakeholders.
Section 3. Introduction to the Space-Based VHF Communications Concept and Studies. This section summarized all work done supporting the allocation of the AMS(R)S in the 117.975-137 MHz band.
Section 4. Technical Concept of the System Operations. This section analyses the technical implications from the Operational point of view.
Section 5. Specific Validation Plans and Tests. This section compiles all studies, analyzes and laboratory or field tests carried out by different industry, government or academic entities.
Section 6. Use of 117.975-137 MHz VHF Channels Worldwide This section is intended to provide support for assigning frequencies to the SB-VHF service, either from a global or a regional basis.
Section 7. Compliance to Annex 10 Vol III SAPRs. This section is poiting to the Annex A where it is allocated the verification matrix that will support the validation changes for PfA Vol III using cross reference to the studies, analysis, tests, etc. when the requirement needs to be validated.
Section 8. Compliance to Annex 10 Vol V SAPRs. This section is poiting to the Annex B where it is allocated the verification matrix that will support the validation changes for PfA Vol V using cross reference to the studies, analysis, tests, etc. when the requirement needs to be validated.
Section 9. Conclusions of Validation Activities. This section is reserved for a final summary and conclusion of the scope and outcome of this Validation Report.
Section 10. Appendices. This section is reserved to allocate all aditional information that could be understand useful during the evolution and progress of this Validation Report.
Section 11. References. This section will record all the documents or material used or referenced in the elaboration of this Validation Report.
Annex A. Reserved for the SB-VHF SARPs Validation Table for Annex 10-Volume III.
Annex B. Reserved for the SB-VHF SARPs Validation Table for Annex 10-Volume V.
The Space-Based VHF Validation Report was presented to SB-VHF CG for its review before going to this meeting of the FSMP. Some typing errors corrected, pending comments and comments received after SB-VHF CG meeting #3 have been incorporated in this version with track record.
Space-Based VHF SARPs Validation Report is anticipated to be finalized for the FSMP endorsement in 2025.
Attached to this paper is the Space-Based VHF SARPs Validation Report Update:


ACTION BY THE MEETING
The meeting is invited to:
To note and review the contents of this working paper;
To review and comment on the Validation Report 

— END —
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		SUMMARY



		This document is the released version of the Space Based VHF (SB-VHF) SARPS validation report. 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:



		IA

		Inspection	using	common

knowledge

		

		UT

		Unit Test



		IB

		Inspection through use of prior

analysis/documents

		

		IT

		Integration Test



		A

		Analysis

		

		MD

		Manufacturer’s Data



		S

		Simulation

		

		FT

		Flight Test



		LT

		Laboratory Testing

		

		NVR

		No	Validation	Required	(may

include editorial inspection







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

 (
-
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-
)





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. EXECUTIVEY 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, will 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.





3. [bookmark: 2._IPS_TESTING_IN_BOEING]INTRODUCTION TO SPACE-BASED VHF COMMUNICATIONS CONCEPT AND STUDIES	Comment by Author: ERIC: do we really need to keep:
- all the sections before section 5 “SPECIFIC VALIDATION PLANS AND TESTS” ? 

3.1 Background

Space-based VHF communication is a concept in which aircraft operating in remote regions and oceanic areas provide communications between the aircraft and air traffic control (ATC) via satellite radio links in the aeronautical mobile-satellite (route) service (AMS(R)S) of the frequency band 117.975 – 137 MHz. This concept, when implemented, is expected to support air traffic management and flight operations in oceanic and remote airspace and will complement current aviation use of satellite-based navigation and surveillance technologies (e.g. ADS-B, ADS-C).

While currently there are other long-range communication systems, such as HF satellite voice and controller to pilot data link communications (CPDLC) over SATCOM, available to facilitate communications between aircraft and ATC in remote and oceanic airspace, the performance of these current systems is not adequate to safely support close aircraft-to-aircraft separation in a similar fashion as to what is being applied in dense airspace where terrestrial VHF communications infrastructure is predominant. Therefore, this leads to constraints in airspace capacity and efficiency in oceanic and remote areas, where it is not practical to deploy VHF terrestrial infrastructure.



The Space-Based VHF concept offers significant benefits for flight operations in regions with limited connectivity, especially in oceanic and remote areas. It enhances communication capacity, safety for aircraft operations, operational procedures for Air Traffic Controllers, and situational awareness. The proposed solution of Space-Based VHF voice communication can fulfil the role of VHF DCPC in oceanic areas or remote continental regions where effective communications means are unavailable. Together with appropriate surveillance means such as ADS-B, it can potentially enable to reduce separation minima.

Figure 3.1 is an illustration of the space-based VHF communication concept. The space segment is able to receive and transmit to standard VHF radios already installed onboard aircraft and is designed to behave as if it was just another VHF-tower located in the sky, with a larger footprint than terrestrial towers noting that feeder link would be in a different frequency band.

















FIGURE 3.1 The Space-Based VHF Communication Concept
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Then in 2019, Space-Based VHF communications was approved as a World Radiocommunication Conference 2023 (WRC-23) Agenda Item 1.7. It deals with a possible new allocation to the AMS(R)S within the frequency band 117.975-137 MHz, to relay standard VHF communications operating under the AM(R)S, and to complement terrestrial infrastructures over oceanic and remote areas. This would not require modification to aircraft equipment, as the space segment would be able to receive and transmit to standard VHF radios already installed on board aircraft. This will ease implementation with no change in aircraft avionic equipment and minimal or no change to current operations and SARPs.



At the WRC-23, the Agenda Item 1.7 has been successfully approved for AMS(R)S allocation. It will complement the current aviation use of terrestrial-based VHF, satellite-based navigation and surveillance technologies while ensuring compatibility and protection of systems in the band and adjacent bands based on the following agreed regulations.



· limiting the use of the new AMS(R)S allocation to non-geostationary satellite systems and internationally standardised aeronautical systems as developed by ICAO; 

· mandating that the use of this new primary allocation to AMS(R)S be subject to coordination provisions of No. 9.11A; 

· ensuring protection of services in adjacent bands and not constraining these services; 

· associating the new allocation with footnotes and new WRC Resolution (Provisional Resolution 406) in order to detail certain elements of the regulatory framework. 

3.2 ITU Working Party (WP) 5B studies to prove interoperability and technical feasibility

WP 5B was the group that toke the responsible to study the compatibility of AMS(R)S and the protection of systems in adjacent bands. Several contributions providing different studies and analysis were discussed along the 2019-2023 ITU-R cycle.

The next sections summarized the different topics discussed and their conclusions.



3.2.1 Link budget

An assessment of satellite-to-aircraft link budget with a geostationary satellite (i.e. at around 36,000 km altitude) indicates that required power at satellite is out-of-reach. Calculations provide an estimation of satellite power required in order to obtain the power-flux level of −116.2 dB(W/m²) for voice application at 36,000 km distance, first with the typical assumption of a satellite transmitting gain of 3 dBi, second with the very optimistic assumption of a satellite transmitting gain of 20 dBi. Required satellite power is 155.5 kW and 3.1 kW respectively, which is either not achievable or not reasonable for a single 25 kHz carrier.

This leads to the conclusion that a geostationary AMS(R)S solution is not a workable architecture in order to address satellite VHF requirements. Hence only a non-geostationary case is considered.

Satellite link budgets are proposed at the upper edge of the considered AMS(R)S allocation, i.e. 136 or 137 MHz frequency. This is considered a worst case, as link budgets at 118 MHz is more favorable by 1.3 dB in terms of free space losses.

The output of the link budget considered for satellite downlink determines the power required on-board the satellite. This power is another important driver of satellite system design, which cannot exceed a few hundred watts maximum to remain implementable. 

Satellite antennas represent an essential element in any satellite system design. Their performance and pattern are main drivers in the overall system architecture, and in the compatibility of this system with its radio-frequency environment. 

In the case of an AMS(R)S system within the band 117.975-137 MHz, an important consideration to take into account, outlined by ICAO, is that AMS(R)S operation is expected to be ‘off-zenith’ between the aircraft and the satellite, because of the co-sinusoidal shape of the aircraft VHF antenna pattern and consequential null at aircraft zenith. An antenna pattern defined within ITU-R Recommendation for a different purpose was considered relevant for the study and was taken into account. In that framework, the example of a satellite antenna described in Recommendation ITU-R M.2092-1 seems appropriate (see ITU-R RR sections 2.2 and 2.3 of Annexe 5, which detail technical characteristics of the satellite downlink/uplink for the VDES operating around 160 MHz), because the main lobe is pointed towards the horizon of the Earth (similar as Figure 3.2 below). The communications coverage area is mainly around this main lobe, corresponding to low elevation angles, and high elevation angle (> 70°) coverage is sacrificed, corresponding to null at zenith of the aircraft VHF antenna pattern. It is therefore proposed to retain for the study this example from Recommendation ITU-R M.2092-1 as reference Tx and Rx satellite antenna pattern for the baseline satellite architecture. 

Satellite gain example according to aircraft elevation angle (for a satellite at 600 km altitude) is shown in Table 3.1. This example is for a Yagi antenna but could be representative for a maximum antenna gain at 0 degrees angle for aircraft elevation, i.e. an isoflux antenna with a maximum gain of 8 dBi at 66.1 Nadir offset degrees angle is feasible.



TABLE 3.1

Antenna gain pattern example of a satellite operating in the aeronautical mobile satellite (route) service

		Aircraft elevation angle
(degrees)

		Nadir offset angle
(degrees)

		Boresight offset angle
(degrees)

		Satellite-aircraft range
(km)

		Satellite antenna Rx/Tx gain
(dBi)



		0

		66.1

		0

		2 831

		8



		10

		64.2

		1.9

		1 932

		8



		20

		59.2

		6.9

		1 392

		8



		30

		52.3

		13.8

		1 075

		7.8



		40

		44.4

		21.7

		882

		6.9



		50

		36

		30.1

		761

		5.5



		60

		27.2

		38.9

		683

		3.6



		70

		18.2

		47.9

		635

		0.7



		80

		9.1

		57

		608

		−2.2



		90

		0

		66.1

		600

		−5.5





Figure 3.2 below provides an illustration of an antenna pattern example, showing its main lobe directed towards the low elevation angles and neglecting the satellite zenith region with high elevation angles noting that this antenna system performs as a rotation symmetry around the AMS(R)S satellite nadir axis (not displayed on the picture). Alternate, similar designs exist, with insights that: improved nadir performance can be obtained by depressing the main beam 5-10 degrees below the horizon; azimuth beam shape loss can be mitigated by transmitting from multiple antennas on the same satellite; and in future, high density constellations can project a tight spot beam onto the Earth’s surface almost directly underneath the satellite.  This beam can be as small as a few hundred kilometers in diameter and rolls off using beam shape rather than spreading, enabling isolation between coverage areas that is as good, or better than is possible from terrestrial emitters.



FIGURE 3.2

Illustration of the proposed reference satellite antenna pattern

[image: Diagram
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3.2.1.1 Satellite-to-aircraft (i.e. downlink) link budget example for voice application

AMS(R)S from a LEO constellation using VHF aeronautical band 117.975-137 MHz is feasible for the space-to-Earth link communications. Table 3.2 provides an example of satellite-to-aircraft link budget, taking into account all considerations discussed in previous paragraphs (mainly satellite altitude of 600 km, satellite antenna pattern and gain corresponding to different elevations, aircraft VHF antenna gain of −1 dBi except for high elevation angles, etc). In this table, the satellite power required at each aircraft elevation angle is calculated in order to close the link budget under the assumption of 5 dB scintillation losses, i.e. to obtain a 0 dB margin on the satellite-to-aircraft forward link, taking into account the 30 µV/m requirement expressed by ICAO, equivalent to −116.2 dB(W/m²) power-flux. 



TABLE 3.2

Example satellite-to-aircraft (downlink) link budget – satellite power required

for different aircraft elevation angles

		FORWARD (to aircraft)

		Frequency

		MHz

		137

		137

		137

		137

		137

		137

		137

		137

		137

		137



		

		AMS(R)S satellite altitude

		km

		600

		600

		600

		600

		600

		600

		600

		600

		600

		600



		

		Elevation

		(degrees)

		0

		10

		20

		30

		40

		50

		60

		70

		80

		90



		

		Range

		km

		2 831

		1 932

		1 392

		1 075

		882.4

		760.8

		683.2

		634.9

		608.4

		600



		

		Transmitter



		

		RF power for 25 kHz channel

		W

		304.1

		141.7

		73.6

		45.9

		38.1

		39.1

		48.8

		82.2

		147.1

		305.9



		

		Sat Tx gain

		dBi

		8

		8

		8

		7.8

		6.9

		5.5

		3.6

		0.7

		−2.2

		−5.5



		

		Feeder loss

		dB

		1

		1

		1

		1

		1

		1

		1

		1

		1

		1



		

		Satellite e.i.r.p.

		dBW

		31.8

		28.5

		25.7

		23.4

		21.7

		20.4

		19.5

		18.8

		18.5

		18.4



		

		Signal propagation



		

		Free space path loss

		dB

		144.2

		140.9

		138.1

		135.8

		134.1

		132.8

		131.9

		131.2

		130.9

		130.7



		

		Additional propagation loss

		dB

		5

		5

		5

		5

		5

		5

		5

		5

		5

		5



		

		Polarization losses

		dB

		3

		3

		3

		3

		3

		3

		3

		3

		3

		3



		

		Effective received power flux-density

		dB(W/m2)

		−116.2

		−116.2

		−116.2

		−116.2

		−116.2

		−116.2

		−116.2

		−116.2

		−116.2

		−116.2



		

		Recommended SAPRs power flux-density

		dB(W/m2)

		−116.2

		−116.2

		−116.2

		−116.2

		−116.2

		−116.2

		−116.2

		−116.2

		−116.2

		−116.2



		

		Power flux margin

		dB

		0.0

		0.0

		0.0

		0.0

		0.0

		0.0

		0.0

		0.0

		0.0

		0.0



		

		Receiver



		

		Aircraft Rx antenna gain

		dBi

		−1

		−1

		−1

		−1

		−1

		−1

		−1

		−1

		−4

		−8



		

		Feeder losses

		dBi

		2

		2

		2

		2

		2

		2

		2

		2

		2

		2



		

		Rx signal power

		dBm

		−93.4

		−93.4

		−93.4

		−93.4

		−93.4

		−93.4

		−93.4

		−93.4

		−96.4

		−100.4





A significant level of satellite power is required per channel to meet the aircraft receiver sensitivity requirement and the different losses. Under the assumptions mentioned above, it can be noted that, as an example, a satellite power of 85 watts per 25 kHz channel is compatible with aircraft elevation angles between 20° and 70°. It is proposed to consider this power level as a reference.

3.2.1.2 Aircraft-to-satellite (i.e. uplink) link budget example for voice application

It is also interesting to consider an uplink link budget for the aircraft-to-satellite link, noting that this link does not introduce any new transmitting equipment. Aircraft VHF transmitter is assumed to have a power capability of 16 watts.

Other assumptions regarding antenna patterns and losses (here 5 dB scintillation losses) are identical to the downlink link budget. A required satellite sensitivity level of −107 dBm is assumed taking into account state of the art technology, and there is some margin with that respect.



TABLE 3.3

Aircraft-to-satellite (uplink) link budget example with 5 dB scintillation losses

		RETURN (from aircraft)

		Frequency

		MHz

		137

		137

		137

		137

		137

		137

		137

		137

		137

		137



		

		AMS(R)S satellite altitude

		km

		600

		600

		600

		600

		600

		600

		600

		600

		600

		600



		

		Elevation

		(degrees)

		0

		10

		20

		30

		40

		50

		60

		70

		80

		90



		

		Range

		km

		2 831

		1 932

		1 392

		1 075

		882.4

		760.8

		683.2

		634.9

		608.4

		600



		

		Transmitter



		

		RF power for 25 kHz channel

		W

		16

		16

		16

		16

		16

		16

		16

		16

		16

		16



		

		Aircraft Tx gain

		dBi

		−1

		−1

		−1

		−1

		−1

		−1

		−1

		−1

		−4

		−8



		

		Feeder loss

		dB

		2

		2

		2

		2

		2

		2

		2

		2

		2

		2



		

		Aircraft e.i.r.p.

		dBW

		9.0

		9.0

		9.0

		9.0

		9.0

		9.0

		9.0

		9.0

		6.0

		2.0



		

		Signal propagation



		

		Free space path loss

		dB

		144.2

		140.9

		138.1

		135.8

		134.1

		132.8

		131.9

		131.2

		130.9

		130.7



		

		Additional. propagation loss

		dB

		5

		5

		5

		5

		5

		5

		5

		5

		5

		5



		

		Polarization losses

		dB

		3

		3

		3

		3

		3

		3

		3

		3

		3

		3



		

		Effective received power flux-density

		dB(W/m2)

		−139.0

		−135.7

		−132.8

		−130.6

		−128.9

		−127.6

		−126.6

		−126.0

		−128.6

		−132.5



		

		Receiver



		

		Satellite Rx antenna gain

		dBi

		8

		8

		8

		7.8

		6.9

		5.5

		3.6

		0.7

		−2.2

		−5.5



		

		Feeder losses

		dBi

		1

		1

		1

		1

		1

		1

		1

		1

		1

		1



		

		Rx signal power

		dBm

		−106.2

		−102.9

		−100.0

		−98.0

		−97.1

		−97.3

		−98.2

		−100.5

		−106.0

		−113.2



		

		Rx sensitivity target

		dBm

		−107

		−107

		−107

		−107

		−107

		−107

		−107

		−107

		−107

		−107



		

		Receiver link margin

		dB

		0.8

		4.1

		7.0

		9.0

		9.9

		9.7

		8.8

		6.5

		1.0

		−6.2





For the uplink budget it shows also that the AMS(R)S is feasible in the Earth-to-space link communications.

3.2.1.3 Satellite-to-aircraft (i.e. downlink) link budget example for data application

AMS(R)S from a LEO constellation using VHF aeronautical band 117.975-137 MHz is feasible for the space-to-Earth link communications. Table 3.4 provides an example of satellite-to-aircraft link budget, taking into account all considerations discussed in previous paragraphs (mainly satellite altitude of 600 km, satellite antenna pattern and gain corresponding to different elevations, aircraft VHF antenna gain of −1 dBi except for high elevation angles, etc). In this table, the satellite power required at each aircraft elevation angle is calculated in order to close the link budget under the assumption of 5 dB scintillation losses, i.e. to obtain a 0 dB margin on the satellite-to-aircraft forward link, taking into account the 20 µV/m requirement expressed by ICAO, equivalent to −120 dB(W/m²) power-flux. 

Note: A 0.2 dB have been assigned to the power flux margin to fulfil the –98 dBm sensitivity according to EUROCAE ED-92, section 2.2.1.2.1.



TABLE 3.4

Example satellite-to-aircraft (downlink) link budget (VHF data link mode 2 modulation) – satellite power required for different aircraft elevation angles assuming 5 dB of scintillation loss

		FORWARD (to aircraft)

		Frequency

		MHz

		137

		137

		137

		137

		137

		137

		137

		137

		137

		137



		

		AMS(R)S satellite altitude

		km

		600

		600

		600

		600

		600

		600

		600

		600

		600

		600



		

		Elevation

		(degrees)

		0

		10

		20

		30

		40

		50

		60

		70

		80

		90



		

		Range

		km

		2 831

		1 932

		1 392

		1 075

		882.4

		760.8

		683.2

		634.9

		608.4

		600



		

		Transmitter



		

		RF power for 25 kHz channel

		W

		132.7

		61.8

		32.1

		20.1

		16.6

		17.1

		21.3

		35.9

		64.2

		133.5



		

		Sat Tx gain

		dBi

		8

		8

		8

		7.8

		6.9

		5.5

		3.6

		0.7

		−2.2

		−5.5



		

		Feeder loss

		dB

		1

		1

		1

		1

		1

		1

		1

		1

		1

		1



		

		Satellite e.i.r.p.

		dBW

		28.2

		24.9

		22.1

		19.8

		18.1

		16.8

		15.9

		15.2

		14.9

		14.8



		

		Signal propagation



		

		Free space path loss

		dB

		144.2

		140.9

		138.1

		135.8

		134.1

		132.8

		131.9

		131.2

		130.9

		130.7



		

		Additional. propagation loss

		dB

		5

		5

		5

		5

		5

		5

		5

		5

		5

		5



		

		Polarization losses

		dB

		3

		3

		3

		3

		3

		3

		3

		3

		3

		3



		

		Effective received power flux-density

		dB(W/m2)

		−119.8

		−119.8

		−119.8

		−119.8

		−119.8

		−119.8

		−119.8

		−119.8

		−119.8

		−119.8



		

		Recommended SAPRs power flux-density

		dB(W/m2)

		−120

		−120

		−120

		−120

		−120

		−120

		−120

		−120

		−120

		−120



		

		Power flux margin

		dB

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



		

		Receiver



		

		Aircraft Rx antenna gain

		dBi

		−1

		−1

		−1

		−1

		−1

		−1

		−1

		−1

		−4

		−8



		

		Feeder losses

		dBi

		3

		3

		3

		3

		3

		3

		3

		3

		3

		3



		

		Rx signal power

		dBm

		−98.0

		−98.0

		−98.0

		−98.0

		−98.0

		−98.0

		−98.0

		−98.0

		−101.0

		−105.0





A level of satellite power is required per channel in order to meet the aircraft receiver sensitivity requirement and the different losses. Under the assumptions mentioned above, it can be noted that, as an example, a satellite power of 36 W per 25 kHz channel is compatible with aircraft elevation angles between 20° and 70°. Following this example, it could be considered this power level as a reference.

3.2.1.4 Aircraft-to-satellite (i.e. uplink) link budget example for data application

It is also interesting to consider an uplink link budget for the aircraft-to-satellite link, noting that this link does not introduce any new transmitting equipment. Aircraft VHF transmitter is assumed to have a power capability of 15 watts as detailed in EUROCAE ED-92C, section 2.2.1.3.2. Typical signal parameters.

Other assumptions regarding antenna patterns and losses (here 5 dB scintillation losses) are identical to the downlink link budget. A required satellite sensitivity level of −107 dBm is assumed taking into account state of the art technology, and there is some margin with that respect.



TABLE 3.5

Aircraft-to-satellite (uplink) link budget example for data (VHF data link mode 2 modulation)

with 5 dB scintillation losses

		RETURN (from aircraft)

		Frequency

		MHz

		137

		137

		137

		137

		137

		137

		137

		137

		137

		137



		

		AMS(R)S satellite altitude

		km

		600

		600

		600

		600

		600

		600

		600

		600

		600

		600



		

		Elevation

		(degrees)

		0

		10

		20

		30

		40

		50

		60

		70

		80

		90



		

		Range

		km

		2831

		1932

		1392

		1075

		882.4

		760.8

		683.2

		634.9

		608.4

		600



		

		Transmitter



		

		RF power for 25 kHz channel

		W

		15

		15

		15

		15

		15

		15

		15

		15

		15

		15



		

		Aircraft Tx gain

		dBi

		−1

		−1

		−1

		−1

		−1

		−1

		−1

		−1

		−4

		−8



		

		Feeder loss

		dB

		3

		3

		3

		3

		3

		3

		3

		3

		3

		3



		

		Aircraft e.i.r.p.

		dBW

		8

		8

		8

		8

		8

		8

		8

		8

		5

		1



		

		Signal propagation



		

		Free space path loss

		dB

		144.2

		140.9

		138.1

		135.8

		134.1

		132.8

		131.9

		131.2

		130.9

		130.7



		

		Additional. propagation loss

		dB

		5

		5

		5

		5

		5

		5

		5

		5

		5

		5



		

		Polarization losses

		dB

		3

		3

		3

		3

		3

		3

		3

		3

		3

		3



		

		Effective received power flux-density

		dB(W/m2)

		−140.3

		−137.0

		−134.1

		−131.9

		−130.1

		−128.9

		−127.9

		−127.3

		−129.9

		−133.8



		

		Receiver



		

		Satellite Rx antenna gain

		dBi

		8

		8

		8

		8

		7

		6

		4

		1

		−2

		−6



		

		Feeder losses

		dBi

		1

		1

		1

		1

		1

		1

		1

		1

		1

		1



		

		Rx signal power level

		dBm

		−107.5

		−104.1

		−101.3

		−99.25

		−98.43

		−98.54

		−99.51

		−101.8

		−107.3

		−114.5



		

		Rx sensitivity target 

		dBm

		−107

		−107

		−107

		−107

		−107

		−107

		−107

		−107

		−107

		−107



		

		Receiver link margin

		dB

		−0.5

		2.9

		5.7

		7.8

		8.6

		8.5

		7.5

		5.2

		−0.3

		−7.5





For the uplink budget it shows also that the AMS(R)S is feasible in the Earth-to-space link communications.



3.2.2 Doppler shifts and latency

A LEO satellite will move at a speed of about 8 km/s and this will cause a Doppler of ±4 kHz maximum at VHF for an observer aligned with the satellite movement, from the ground, the Doppler observed will be less. The implementation a compensation mechanism on the satellite transmitter to mitigate Doppler effects at the aircraft receiver without making any modification on existing aircraft equipment have been studied and tested in the lab verifying its feasibility, thus maintaining compliance with the existing aviation standards. In the uplink at satellite reception, this effect could be compensated. 

Also, a LEO satellite at 600 km altitude will correspond to a latency time due to propagation comprised between 4 ms (at zenith) and 18.9 ms (at horizon). ICAO is of the view that no operational impact is expected, as the latency ranges expected from the AMS(R)S systems are compatible with existing aeronautical VHF systems, refer to LS from ICAO to ITU-R [6].



3.2.3 Scintillation effects

Satellite transmissions in the VHF range are known to be significantly affected by scintillation events that occur within the ionospheric layer. The ionosphere causes a delay proportional to the electron-density along the wave path, where the wave path passes patches of more or less dense ionosphere, scintillation occurs.

Scintillation is generally more pronounced at high latitudes and within ±20° of the geomagnetic equator. For much of the locations in mid-latitudes, propagation loss and phase changes due to scintillation will be less pronounced than those at high latitudes or near the geomagnetic equator. Notably, there are also areas which are not affected by ionospheric propagation loss. At this stage according to Recommendation ITU-R P.531-14, it is recommended that Global Ionospheric Scintillation Model is used to predict the effects of scintillation on a given link geometry. Careful consideration of the temporal, spatial and geomagnetic environment must be used to assess the range of ionospheric behaviour, noting that scintillation events last from 30 minutes to hours and commence after local ionospheric sunset. For every longitudinal position, the highest intensity of scintillation (if any) is observed for a period of time after sunset at 1800 (local time) and up to 0:00 at the equinox period, and for years of maximal solar activity (see in Figure 3.3, extracted from Recommendation ITU-R P.531-14, a representation at 1.5 GHz).

If While qualitative effects are pretty fairly well known, their accurate prediction is still challenging for the design of telecom systems. Given the limit of the current model accuracy, it is not possible yet to precisely quantify ionospheric propagation losses in relation to a given link availability for all ranges of latitude and aircraft station elevation.

Further work is required in order to appropriately take ionospheric losses into account in the design of an aeronautical VHF satellite system. A reference availability target should be identified so as to define the relevant attenuation margin,but considering the extent of the phenomenon and its variability against time and location, it may be appropriate to consider some splitting by region, and possibly between day and night period (for instance 1800-0000, and 0000-1800).

The three following reference ionospheric losses is given for different regions:

· A low level of 1 dB attenuation losses for medium latitude regions.

· A medium level of 5 dB attenuation losses for high latitude regions.

· A high level of 10 dB attenuation losses for low latitude regions.

	

ICAO has indicated that the levels of VHF service availability to be required will depend on the types of operations and airspace. Once a satellite system is designed, its availability performance will be evaluated, and will represent an important input for air navigation service providers (ANSPs) interested in the service. They will define a set of operational measures required to reach a given safety objective. Depending on satellite system design trade-offs, it may be of interest not to dimension the satellite system to account for the worst-case propagation loss, which is transient and highly dependent to time, weather and location, and to compensate with appropriate measures (like appropriate flight planning) over the concerned regions when affected. Refer to ICAO LS to ITU-R [5]. 

ICAO also noted that, depending on ANSPs’ requirements and geographical constraints, both satellite and terrestrial systems may be used together to overcome the VHF scintillation trade-offs, to meet the service availability requirements. Moreover, the satellite system could also be designed with redundancies in place, an example would be to replicate the terrestrial VHF system setup to mount on different satellites.

Based on these considerations, it is proposed to retain in this report the assumptions corresponding to the low and medium levels of scintillation losses, i.e. 1 dB and 5 dB respectively, and to establish link budgets under both of these assumptions. 

It is important to note that the phenomena leading to higher attenuation loss due to scintillation can be predicted. Consequently, it is possible for aviation competent authority to decide in advance to not operate in area and in the period of time where and when ionospheric propagation would preclude the use of satellite VHF link; it is similar situation that can be met for HF links.



FIGURE 3.3

Ionospheric propagation loss at 1.5 GHz during solar maximum and minimum years

(from Recommendation ITU-R P.531-14)
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3.2.4 Polarization

Emissions of standardised air-ground VHF communication systems are vertically polarized. Recommendation ITU-R P.531-14 identifies Faraday rotation as an effect on propagation for the proposed corresponding new satellite system. For systems that use linearly polarized antennas, potential phase rotation through the ionosphere depends on many factors such as location, time of year, time of day, solar cycle and geomagnetic conditions. It is therefore very difficult to predict the extent of associated polarization loss.

At satellite level, a setup with linear polarization, compatible with the vertical polarization used at aircraft would be preferable for link budget purposes. However, its design seems difficult to match in terms of alignment with aircraft antenna, taking into account the real-time link geometry between the transmitter and receiver, and Faraday rotation changing polarization angles. For this reason, circularly polarized receiving and transmitting antennas are assumed, mitigating by design against the Faraday effect, and leading to a polarization loss factor of 3 dB. An alternate method is to provide the satellite with the basis set of polarizations (nominally Vertical and Horizontal), and blend these to reduce the polarization loss.  Recovering a matched polarization is especially attractive and straightforward on the uplink (aircraft to satellite).



3.2.5 Aircraft antenna patterns [5]

As a guide, the following are general characteristics of VHF antenna which can be used as a baseline for studies: 

· Frequency range: 118-137 MHz

· Polarization: Vertical

· Radiation pattern: Omni directional

· Gain:  -1 dBi

· Nominal impedance: 50 Ohms 

· VSWR: < 2

Moreover, one can find below examples of patterns for the aircraft VHF antenna. Radiation patterns of antenna have been measured in the three main plans at 118 / 127 / 137 MHz. Those patterns were measured on a 2X1m rectangular metallic reflector. It can be noted that the co-sinusoidal shape and consequential null at aircraft zenith has important implications on the performance of the satellite VHF link, and for the purpose of these studies and the space station design, the ‘off-zenith’ between the aircraft and the satellite should be take into account.

FIGURE 3.4
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		127 MHz, Copolar
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		137 MHz, Copolar
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A more representative antenna pattern could be used in order to obtain a more accurate link budget that takes into account the fuselage reflection. Such a pattern would be dependent on the airframe on which the antenna is installed (see Appendix A).



3.2.6 Spectrum mask and out of band emissions

A necessary bandwidth of 5 kHz is considered for voice emission. This value is relevant worldwide, irrespective of the 25 kHz or 8.33 kHz channelization of the VHF band.

Document EUROCAE ED-23C provides the following emission mask for voice application (in the frame of 8.33 kHz channelization), showing a minimum attenuation of 60 dB for frequency offset greater than 5 kHz from the carrier centre frequency. This value corresponds to the spectral roll-off of the voice signal.

It can be noted that, according to Appendix 3 of the Radio Regulations, the minimum attenuation for AMS(R)S spurious emission is 60 dBc (“43 + 10 log (P), or 60 dBc, whichever is less stringent”) in 4 kHz reference bandwidth. Therefore, for the spurious emission domain (i.e. for frequency offset greater than 200% = 10 kHz from the carrier centre frequency), RR Appendix 3 represents a regulatory requirement to follow this mask with its 60-dB roll-off.



FIGURE 3.5

Spectrum mask considered for voice emission
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In order to extend the service area operated through one 25 kHz channel for voice application, a specific mechanism may be implemented, with several stations transmitting voice carriers within that same channel, but with an off-set of few kHz between them.

Such a mechanism may be used via satellite, and the assumption is therefore made in the following sections that two voice carriers transmitting in the 25 kHz channel are feasible.

The necessary bandwidth for the VDL-2 signal (worst case) is assumed to be 14.0 kHz corresponding to a 14K0G1DE class type signal (DO-224 Signal-In-Space MASPS For Advanced VHF Digital Data Communications Including Compatibility with Digital Voice Techniques. 3.2.1.2.4, and Recommendation ITU-R SM.1138).

The typical spectrum mask demonstrates that the spectral roll-off has an attenuation higher than 60 dB. Figure 3.6 below represents the case of the Common Signalling Channel (CSC) at 136.975 MHz, with a rejection of 60 dB at a frequency separation that can accommodate even a potential worst case of ±4 kHz frequency Doppler shift pre-compensation (±8 kHz frequency shift at receiver).

FIGURE 3.6

Example of VHF data link mode 2 modulation spectral roll-off.

Differential 8-phase shift keying modulation with 10.5 Ksymbols/s rate (example of VHF Radio)
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Taking in to account the AMS(R)S channeling spacing of 25 kHz and the necessary bandwidth of 14 kHz for the VDL Mode 2 application, only one carrier can be transmitted within the 25 kHz channel.



3.2.7 Space systems interference resilience analysis



Currently the AM(R)S operating in the frequency band 117.975-137MHz has not defined an interference criteria protection level from systems operating at adjacent band, consequently it is not possible to extrapolate or define a criteria protection level for AMS(R)S space system from space systems operating above 137MHz. Nevertheless, several studies and static and dynamic analysis have been done in the ITU-R during the compatibility studies process to approve the allocation of the AMS(R)S in the VHF band 117.975-137MHz related to the protection of receiving space stations of the AMS(R)S operating in the frequency band 117.975-137 MHz from unwanted emissions of systems operating services in the frequency band 137-138 MHz.



The conclusion of these extensive studies in which the characteristics of the different services that operate in the 137-138MHz frequency band have been analyzed, as well as different combinations of potential constellations operating simultaneously, has been that there would be a worst case of aggregated potential interference level that, due to its random nature, is distributed based on a certain % of the time.



It is interesting to analyse how the results obtained compare, which can be done through the figure below showing the superposition of results obtained through different and independent studies:

Figure 3.7
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It can be noted that the results from both studies, [2] section 11.6.3, [7] section 11.6 and final contribution [8] section 11.5, compare quite well. For high percentages of time, study 1 results in higher levels of out-of-band aggregated power levels, because of the larger number of systems considered. A common conclusion from both studies could be drawn by considering the dots proposed by the main percentages of time, shown in the figure above as “possible convergence points”.

Corresponding values are synthetized in the following Table 3.6. They correspond to the maximum out-of-band aggregated power levels in the CSC channel centred at 136.975, resulting from MSS, SOS and MetSat systems operating above 137 MHz, assessed for different percentages of time. Corresponding levels in other channels at lower frequencies between 136.8 and 136.975 MHz can be derived from the consideration of an out-of-band mask taken from Recommendation ITU-R SM.1541, such as the one contained in Annex 5 of this recommendation, which applies both to SOS and MetSat. 



TABLE 3.6

		% of the time

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



		50

		−180



		10

		−157



		1

		−148



		0.1

		−140



		0.01

		−134



		0.001

		−128



		0.0001

		−125







This potential scenario of aggregated interfering power levels has been included by WRC-23 in a new resolution (Resolution 406) in which the ICAO is informed to take it into account when developing the SARPs.



As detail of the dynamic studies, the following characteristics were used in the studies:

· Total samples computed: 1 interference calculation every second along a year. 31,536,000 samples computed. 

The following data were outcome from the studies:

· Aggregated interference power level distributed percentual as the above Table.3.6

· Interference duration distributed approximately as detailed below and showed in the Figure 3.8 for reference:

· 80% of interferences are >1 second and < 40 seconds.

· 19% of interferences are >40 seconds and < 360 seconds.

· 1% of interferences are >360 seconds.

· Samples distributed over the time duration interval following a decreasing exponential law as show Figure 3.8 (i.e. duration interference are not uniformly distributed in the time interval).



FIGURE 3.8
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Likewise, the potential impact of these potential aggregated interferences on the AMS(R) services provided in the upper part of the 117.975-137MHz band has been analyzed, specifically, the Data Link Mode 2 services. Given the data recovery mechanism of messages of protocols that manage these communications along with the potential durations of said potential aggregated interferences, these services would not be affected if said potential interferences are not overcome. Overcoming this worst case of interference is practically zero since it would mean that hundreds of satellites would have to simultaneously share the spectrum of the first 100kHz above 137MHz, a fact that is technically unfeasible in practice.





4. TECHNICAL CONCEPT OF THE SYSTEM OPERATIONS



4.1 No change in avionics and ground VHF equipment [81]



The WRC-15 allocated spectrum for space-based Automatic Dependent Surveillance – Broadcast (ADS-B) services. Following the frequency allocation, space-based ADS-B has been implemented via a satellite constellation to overcome the line-of-sight (LOS) limitations of terrestrial ADS-B sensors. It has extended surveillance coverage over remote continental and oceanic airspace, without modification to aircraft equipment.



However, to apply radar-like separation for civil aircraft, surveillance must be complemented with effective communications. Indeed, space-based ADS-B has to be complemented with Direct Controller-Pilot Communications (DCPC) such as VHF voice communication means and with the exchange of datalink services as Controller Pilot Data Link Communications (“CPDLC”) and ADS-C.



In this way, the SB-VHF concept must be based on the use of existing airborne equipment. The system will be able to interact with standard on-board ADS-B and VHF system, both for Data Link using VDL-Mode 2 and the standard radio communication for the VHF-Voice.



The major expected operational ATM benefits from the SB-VHF concept are:

· The use of the same operational procedures for ATCOs in continental and oceanic and remote continental areas.

· Added value in safety for the aircraft operation in oceanic and remote continental areas since now full CNS services are provided to the aircraft.

· Significant increase of capacity in oceanic and remote continental areas.

· No additional training for ATCOs, as operation is the same as in continental areas.

· Significant reduction in fuel burnt and therefore CO2 emissions thank to the use of optimal and efficient routes (e.g. i4D and TBO).



Increase of situational awareness for ATCOs that have more accurate information about the position of the aircrafts and their flight intent.



ANSPs are requiring more data communication for more ATC automation, allowing extra capacity while improving safety. This new automation related communication requirements shall however be combined with the AOC evolutions for a smooth integration onboard the aircraft while mastering the overall infrastructure cost.



SB-VHF allows the use of the current operational procedures used by the ATCOs continental areas to be extended to oceanic and remote continental ones.



The voice and data communications between ATCOs and pilots would remain exactly the same, these communications are completely transparent for ATCOs and pilots and they are not aware about the underlying technology that supports these communications.



This important advantage together with the fact that there is no change required either in the avionics on board means that ATCOs and pilots will continue using the operational procedures they use today.



This is a relevant aspect to take into account because it implies that there is no need for additional training or further certification for the ATCOs.



As a result and bearing in mind that there will be no change in the operational procedures for ATCOs and pilots, there will not be either additional costs or required extra time for ATCOs and pilots using SB-VHF as underlying technology.





4.2 Voice [48; Chapter 6]



Due to factors such as the power of the aircraft's VHF transmitter, propagation loss, noise level, etc, there is a limit to the distance at which reliable communications can be effected between an aeronautical station and a terrestrial station. This limiting distance, based on the weakest path, is the service range which is typically around 250NM. However, the limiting distance can be overcome through the Space-Based VHF Voice system.



The concept of the operation of the Space-based VHF Voice system is intended to provide VHF Voice services globally whilst preserving the current VHF Voice operational procedures. As it is well known, the airspace is divided in several areas called FIR (Flight Information Region) in order to divide the total air traffic volume. The FIRs may be split in ATC sectors under the control of one ATCO. For the purpose of this section, the term FIR and ATC sector are used indistinguishable. This sense, each satellite will be able to provide VHF Voice services to the FIR’s under its coverage area following an appropriate frequency coordination.
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Each area is assigned to specific ATCOs who can communicate with all aircraft located within its geographical area using the same frequency. Adjacent FIRs or sectors cannot reuse channels. The use of Space-based VHF voice service will not affect current procedures nor aircraft radios, which means the following Space-Based VHF system considerations:

· Currently used VHF Voice operational procedures are based on using different frequencies in different geographical areas. Hence, the new satellite-based system is designed to maximize service coverage to the geographical areas using different frequencies, i.e. satellites will dynamically adapt to the frequencies used in their coverage area.

· Minimization of the number of frequencies needed to provide coverage.

· Adjacent FIRs cannot operate in the same frequency due to the interferences.

· Each FIR will be covered using the smallest number of satellites. 

· A specific frequency is assigned for each FIR where service is to be provided as in current operation.



ICAO has outlined that even though AM(R)S and AMS(R)S would represent two different ITU-R services within the frequency band 117.975-137 MHz, the same on-board cockpit avionics system (for VHF communications) would be used for ground and satellite communications. Indeed, AMS(R)S would not correspond to a new aeronautical service but would relay VHF communications operating under the AM(R)S over oceanic and remote areas, without modification to aircraft equipment. AMS(R)S would therefore not trigger new compatibility issue with aircraft system.



ICAO is of the position that if there is any potential interference between AM(R)S and AMS(R)S space stations, it would be resolved by the ICAO through conventional frequency planning exercise, assigning frequencies to the satellite system over interested regions, to ensure compatibility between ground and satellite facilities. Therefore, from an ICAO perspective there is no need to perform a comprehensive compatibility study within ITU-R between these two different services, that cover the same system on-board the aircraft. Both are technically similar services as the same on-board cockpit avionics system (for VHF communications) would be used for ground and satellite communications.



Terrestrial out-of-band and spurious limits exists to ensure that adjacent and near adjacent channels can coexist when a distant wanted channel is adjacent in the band to an unwanted channel and the unwanted transmitter is substantially nearer to the victim receiver than the wanted transmitter.



AMS(R)S signals will always be subject to a spreading loss in the range of 130-135 dB which exceeds the spreading loss of operation AM(R)S signals by at least 10-15 dB.



Therefore, terrestrial equipment standards intended to minimise the probability of adjacent and near adjacent channel interference are not needed for AMS(R)S equipment installed on a satellite as this form of interference will not occur as a result of an AMS(R)S signal. (Note: This assumes satellite and terrestrial emitters of the same power, which is not necessarily true.)





ITU-R RR Article 9 coordination procedures may complement the ICAO framework in order to ensure full compatibility between systems operating in the AM(R)S and AMS(R)S in the frequency band 117.975-137 MHz.



An example of pfd threshold that could be used for coordination between AMS(R)S transmitting space stations and AM(R)S under the relevant RR Articles called by No. 9.11A for coordination process is provided in Table 4.1:



TABLE 4.1

Coordination Threshold to protect AM(R)S in all of part of the frequency band 117.975-137 MHz

		Parameters

		Units

		Values

		Remarks



		Minimum AM(R)S desired power density

		dB(W/m2)

		−120

		VDL: Sections 6.3.2 & 6.3.5.2, ICAO Annex 10 Volume III Part I



		Channel bandwidth, Hz

		kHz

		25

		VDL: Section 6.1.4.1, ICAO Annex 10 Volume III Part I



		Minimum AM(R)S desired power density

		dB(W/(m2 · 4 kHz))

		−128

		−120 – 10*log(25 kHz/4 kHz) = −128

Appendix 3 of Radio Regulations: #8. The reference bandwidth of all space service spurious domain emissions should be 
4 kHz. (WRC-03)

Hence, most Article 5 footnotes with pfd on Earth’s surface from space stations have 4 kHz reference bandwidth for frequency bands under 15 GHz, as well as in RR Article 21, Table 21-4.



		Co-channel criteria, D/U 
(Note 3)

		dB

		20/14

		Section 4.1.4.1, ICAO Annex 10 Vol V



		Required AM(R)S coordination level

		dB(W/(m2 · 4 kHz))

		−148

		Within the AM(R)S Designated Operational Coverage (DOC)



		Additional path loss from the edge of AM(R)S DOC to a country’s border

		dB

		2

		Using AM(R)S DOC of 480 km range and satellite slant range of 2 831 km to a country’s border, 20*log(2831/(2831-480)) = 1.6 dB, round-off to 2 dB. Note 1



		AMS(R)S space station coordination threshold to be applied in countries territory

		dB(W/(m2 · 4 kHz))

		−150

		Note 2







Note 1: The 480 km range is the Designated Operational Coverage (DOC) to be protected for the existing AM(R)S terrestrial stations. This is for aircraft operating at a range of 250 nautical miles from the AM(R)S ground stations and 40,000 feet above mean sea level as published by the current global Communication Service Providers.

Note 2: To be applied when the power flux-density level of an aeronautical mobile-satellite (R) service space station exceeds −150 dB(W/(m2·4 kHz)) on the Earth’s surface over the territory of a country.

Note 3: This co-channel criterion is currently used for intra-service channel planning of AM(R)S. It is assumed in this report that this criteria may be used also for channel planning between ICAO systems operating in VHF AM(R)S and VHF AMS(R)S.

Noting ICAO will undertake normal frequency planning procedures between AM(R)S and AMS(R)S, it is understood that there are alternate options of thresholds for ITU coordination under consideration, using values that are contained in Annex 1 to RR Appendix 5 of the RR utilising a power flux-density limit of −140 dB(W/( m2·4 kHz)) on the Earth’s surface over the territory of a country. It can be also noted that one option is not to define a value for coordination threshold, which leads to have coordination when in direct line of sight. (This is potentially excessive, the thresholds for ITU appear to be mandatory and are more than sufficient, so we should just repeat here for consistency).



4.3 Datalink [63]



The allocation of the 117.975 – 137 MHz frequency band to AMS(R)S brings considerable possibilities for future services to the aeronautical community. Nevertheless, operational concerns and protection of the existing systems operating in the same frequency band should be adequately managed.



The paper referenced [63] presents the concept of operation for SB-VHF datalink that was analyzed considering the potential impact on current avionics and datalink operational procedures.



It is important to remark that several international entities were participating with contributions, comments or reviewing the scope of this document:

· Communications Service Providers (Collins and SITA)

· Avionics manufacturers (Collins, Honeywell, Thales)

· ANSPs (Air Services Australia, CAAS Singapore, DECEA (Brazil), ENAIRE, NAV-Canada)

· Airlines (Air Europa)

· Industry (Indra, STARTICAL))

Main conclusions of the document are:

· Satellite based datalink services could be integrated in existing low density areas CSPs datalink (POA/VDLm2) infrastructure using current operational procedures without any modification in current avionics, with potentially and not strictly necessary, database update of the datalink avionic (also supported by standard operational procedures).

· Based on the considerations explained in the document, satellite based datalink services could be provided assuring no interference with the current terrestrial VDL infrastructure.





5. SPECIFIC VALIDATION PLANS AND TESTS 

5.1 Analysis and  testing of the Doppler effect and compatibility with current avionics (Startical, Indra, Enaire) [48; section 4]



In the Space-based VHF communications system, the satellites play the role of the ground VDR (“VHF Data Radio”) of the VHF Voice or VDL Mode 2 system. In this scenario, due to the fast satellites movement in their orbit, the signals transmitted by aircraft and satellites experiment a Doppler effect which results in a frequency shift (and probably a Doppler rate) considerably higher compared to the one experimented on the ground scenario which is only impacted by the aircraft movement. 

The Space-Based VHF system intends to support VHF voice and datalink to the aircrafts without any modification to the airborne equipment. As a result, the airborne radios have the same frequency capture range as specified for the terrestrial VHF scenarios. It is expected that the Doppler effect impacts with more severity the VDL Mode 2 system than the voice.

This section presents the analysis carried out to evaluate whether the Doppler effect produced by the LEO satellite movement impacts the airborne receiver and provides possible solutions supported by the satellite radios to guarantee that both VHF voice and data (VDL Mode 2) airborne radios can operate transparently.



5.1.1 Main outcome from the analysis



It is recognized that the Doppler effect between satellite and aircraft constitutes one of the main differences in the satellite to/from aircraft links with respect to the terrestrial scenario. In particular, the Doppler shift introduced by the satellite movement can have a value from -3.2 kHz to + 3.2 kHz depending on the aircraft to satellite position and direction of movement. 



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.



A more complex scenario has also been presented, scenarios in which an aircraft is located under the coverage of more than one satellite, it is expected that during the handover of the voice connection between satellites, several satellites may transmit the same voice frequency. Due to the different Doppler shift from different satellites, the VHF voice signals may overlap, producing interference. A possible solution presented is based on the use of the already in use CLIMAX approach, consisting in transmitting with a positive offset carrier in the plane and a negative one in adjacent planes. The offset is selected to guarantee that the separation between both transmissions is such that no overlap is produced.



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.



It is noted that the analysis has been focussed on the satellite to aircraft direction, as it is the key one to guarantee that the aircraft receiver will not be affected in any case. For the aircraft transmissions to the satellite, it is considered that the satellite radio will be designed to cope with the Doppler shift expected, avoiding any change in the aircraft radio transmitters.






5.2 Test Results under VOICE Project (Indra, Enaire, Eurocontrol, SITA, CRIDA) [114]



5.2.1 [bookmark: 2.1.1_Introduction]Introduction



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 and airborne, as the success of the demonstration requires that all the segments work properly jointly. The design, payload and launch of the High Altitude Pseudo-Satellite (HAPS) in the space 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.	Comment by Author: ERIC:  this refers to a test involving a HAPS and it is not representative of a SB-VHF. For this test to be more or less close to the satellite operation, did you increase the attenuation to reflect the use of a satellite (higher distance compared to an HAPS) ? increase of the propagation time ? How was used the Doppler pre-compensation feature ?



The Demonstration Report presents the outcome of these tests and analyses, the common conclusions and a way forward to enable a satellite-based VHF system for air navigation in oceanic and remote airspace.



The Demonstration Report gathers:

· All the laboratory work, with the outcomes explained regarding the 3 services, including the ones regarding the effects that would not be studied in the demonstration (in real environment with the use of a LEO satellite).

· All the tests performed at Canary Island ACC to ensure the connectivity of ground, air, and Pseudo-satellite (HAPS) infrastructure. The air infrastructure segment were aircraft on ground during their turn around period (for VHF tests) and also flying aircraft (for ADS-B), the satellite infrastructure segment were the devices that would be launched in the HAPS and the ground infrastructure segment include the Ground station, ATM interface, Virtual Private network at Gran Canarias ACC, equipment in Enaire’s and Indra’s premises in Madrid, and Sita’s in Canada, and the equipment deployed at Cape Verde SAL ACC (fully tested).

· The operational coordination between controllers and flight crew agreed with airline companies to execute the tests. 



The results obtained during all the testing period between 2021, 2022 and 2023 have been used to feed the ICAO and ITU groups that are working in the definition of this type of systems. 



Therefore, VOICE project considers that all these data and results are crucial for the continuity of the work of demonstration of VHF satellite systems.



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



In relation with the voice service, the project has demonstrated its potential to be used in remote areas, as means of delegation/contingency and as a back-up frequency. Voice radio communication sessions were stablished in all the tests performed using the VOICE platform equipment. Voice radio communications was successfully transmitted using the HAPS equipment. The quality of the audio signal was measured as high, and latency was measured as low.



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. The data communication has been established going through the HAPS equipment, 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, and the latency was measured as low.



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 space environment, thus enabling its potential deployment for the execution of the original approach (use of a single small LEO satellite).





5.2.2 General Conclusion



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).



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.



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).








5.3 Capacity assessment for VHF Data System (Indra, Catalunya Polytechnic University, Cartagena Polytechnic University) [122]



(work in progress to summarize and update the outcome of this activity. This section will be summarized once the original document be available)





5.3.1 Introduction



The emergence of Low Earth Orbit (LEO) satellites has enabled the definition of Space-Air-Ground-Sea Integrated Networks (SAGSIN) and their associated services. Among them, one of the most promising is Space Based Communication, Navigation and Surveillance (SB-CNS) service to an aircraft fleet.



SB-CNS service has one serious restriction: electronic devices at the aircraft side cannot be updated, not even modified. As a consequence, the only way to provide this service consist of reusing for this purpose the VHF Data Link (VDL) telecommunication system all the aircrafts have already installed to communicate with control towers. Therefore, the communication satellite-aircraft has to be managed by a variant of Carrier Sense Multiple Access (CSMA) called p-persistent CSMA.



Figure 5.1 shows a description of the proposed SB-CNS system. It has been supposed that there are 30 satellites per plane, flying at 640 Km of altitude, so their separation is 1.468 Km. Aircrafts altitude is around 10 Km and the distance between the aircraft and the satellite could range from 1,635 Km (airplane located in the extremes of the circular satellite antenna coverture) to 640 Km (airplane located just beneath the satellite).



Due to limitations related to the minimum signal-to-noise ratio at the receiver antenna, the satellites cannot transmit and receive at the same time, so the role of transmitter and receiver must be distributed in pairs among satellites in the same plane (figure 5.1 shows two of them, Tx and Rx respectively). However, a CSMA device, just before transmission, needs to sense channel activity to discover if it is busy. But this cannot be accomplished at transmitter satellite (Tx) since it has no way to sense the channel. The solution is clear: Rx satellite, apart from receiving data packets from aircrafts, will also be in charge of the channel sensing, and reporting continuously about the channel activity (free or busy) to the Tx satellite.



Another consequence of assigning a different role to each pair of satellites is the appearance of zones (A, B and C in Figure 5.1). Aircrafts located at zone A will be able to transmit and receive, but aircrafts at zone B will be able to receive but not to transmit. In a similar way, aircrafts at C will be able to transmit but not to receive. The easy way to solve this problem is by assigning a different satellite for these zones. Aircrafts at zone C must use the Tx satellite located just at the right side of the Rx (not depicted in the figure) and those located at B the Rx satellite located just at the left side of the Tx. However, aircrafts at C and B located at the proximity with A continue interfering the transmissions of aircrafts at A.



Main objectives



VDL system was originally designed for aircraft-ground (control tower) communications only, in the sense that p-CSMA works fine when all the terminals are close each other. However, this assumption cannot fit in this scenario, since aircrafts might be separated by more than 800 Km (at least, in an oceanic environment) and the maximum distance between an aircraft and the satellites (1,635 Km in the worst case) is much greater than what p-CSMA was designed to. Therefore, it must be verified to what extend p-CSMA can work in a SB-CNS scenario, where the network elements are distributed in a large range of distances. Concretely:



· The collision is considered a receiver parameter rather than a network parameter. Therefore, each one of the receivers (aircraft and Rx satellite) has their own collision probability.

· The p-CSMA tries to distribute the available bandwidth among all participants. If the sending rate of one of them is greater than its assigned bandwidth, delay can produce instabilities. In other words, it has to be found the maximum transmission rate (kbps) of each of the senders.

· At the aircraft side, parameters of the p-CSMA cannot be fine-tuned but they can be at the satellite side. Consequently, it is possible that fine-tune some of the parameters of the p-CSMA, the system performances increases.

· There is a non-negligible delay between Tx and Rx satellites, estimated in around 9 ms, which can degrade the p-CSMA efficiency, and therefore it has to be considered in the simulations.

Regarding network performance evaluation, the traffic pattern is a key issue. In this study, it is considered that all aircrafts share the same traffic pattern, but the Tx satellite has its own traffic pattern, different from the aircrafts. So the traffic generation is by nature asymmetric. Two different traffic models will be evaluated in the simulations set, but in both cases the main objective will be:



· To determine the number of tones the SB-CNS needs to deal with to reach a reasonable performance under this traffic pattern.



[image: Imagen que contiene texto, mapa, esquiando, foto

Descripción generada automáticamente]

Figure 5.1. Description of a SB_CNS service based on LEO satellites. Altitude of the satellites is around 650 Km and their antennas cover a circular area with a diameter of 3.000 Km. One of the satellites transmits data (blue) and the other one only receive data (red). The distance between satellites is approximately 1.500 Km. Aircraft altitude is around 10 Km.



Background knowledge: CSMA a factor



All variants of CSMA are based on the assumption that the length of the data frame is large enough so when the first bit of the frame arrives to the destination station, the last bit of the frame have not still been transmitted. In other words, the frames do not fit completely on the transmission channel. As a matter of fact, the time needed to transmit an entirely frame should be, at least, two times the propagation delay. In this way the stations are able to detect collisions.



Defining parameter a as the number of frames that can be transmitted in the channel can help to check if the CSMA system under study satisfies the above assumption.
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The smaller the value of a, the better the performance of the CSMA will be. For example, the value of a in traditional Ethernet 10 Mbps (assuming 100 m long coaxial channel and a packet length of 1.500 bytes) is





[image: ]





		However, in our case, the maximum channel distance is 1,635 Km, and the channel capacity is 31.5 Kbps. Therefore, the minimum value of the frame length to satisfy condition (1) is just 43 bytes. Data traffic meets this constraint easily but control traffic (ACK frames, Beacon frames, Clear-to-Sent and Request-to-Send frames, etc.) may not. 

This implies that when control packet constitutes an important percentage of the total traffic, the collision probability might be worse than initially expected.







Background knowledge: p-CSMA



p-CSMA is quite similar to CSMA. Like in traditional CSMA, before attempting to access the channel, the MAC sublayer shall verify that the channel is idle and in that case, it transmits the frame with probability p. Otherwise, the station increments the value of the counter M1 and -if it is smaller than maxM1-, it waits TM1 seconds until trying again to access the channel. When the M1 counter reaches the maximum number of attempts, authorization to transmit shall be granted as soon as the channel is idle (i.e. as if p was set to unity). In any case, the counter M1 shall be cleared upon a successful access attempt. If the channel becomes busy during the waiting state, the TM1 timer is cleared (but not the M1 counter) and the system again waits for the channel becoming idle again to transmit the frame.
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Figure 5.2. Simulation scenarios. In the first one, all the aircraft (black dot) are located in the intersection of Tx and Rx satellites coverture (the arrow indicates the movement of satellites in its meridian). The second one incorporates isolated aircrafts: ones in the coverture of satellite Tx (red) and other in the Rx coverture (green). Finally, the last one incorporates a new Rx satellite, defining a total of 5 zones.





5.3.2 Simulation hypothesis



The VDL system will be simulated in an oceanic environment without considering voice service. There will be one transmitter satellite (Tx) which takes the channel status information from its predecessor satellite (Rx) in the same orbit plane. It is assumed that the satellite velocity is much higher than the aircrafts. Therefore, the position of the aircrafts will be defined statically. The simulated p-CSMA does not consider physical concerns. Higher VDL levels will not be simulated either, with the exception of the mechanism to detect collisions. However, simulations take into account the possibility that the distance among aircrafts be greater enough so that they cannot hear each other transmission (from 800 Km, due to earth curvature).



Scenarios



Considering the position of the aircrafts with respect the coverture of the satellites, the simulations set have been divided in three different scenarios (see Figure 5.2):



· Scenario 1: All the aircrafts are located in the intersection of Tx and Rx satellite coverture. Therefore, they can transmit and receive data frames. It constitutes the baseline scenario to which p-CSMA performances are evaluated.

· Scenario 2: The same as scenario 1, but it incorporates aircrafts beyond intersection zone; some of them are located at the Tx satellite coverture only and other at the Rx satellite coverture only. The objective is to measure the influence produced by close aircrafts but located outside Tx-Rx coverture.

· Scenario 3: The same as scenario 2, but it incorporates a new Rx satellite, so aircrafts can be located at 5 different zones: Rx1, Rx1-Tx, Tx, Tx-Rx2 and Rx2 covertures. The main goal is to discovery to what extent adding a new Rx satellite can alleviate the collision probability.



Traffic model



It is assumed that in an oceanic environment, the data traffic generated by the aircrafts and satellites fits the following model:



· Aircrafts send frames of average length of 1,385 bytes (78 of them are header bytes). The transmission rate of each aircraft is 𝜆𝐴𝐶=0.00459 𝑝𝑝𝑠=48 𝑏𝑝𝑠.

· The transmitter satellite sends frames of average packet length of 564 bytes (32 of them are header bytes). The transmission rate is 𝜆𝑇𝑥=𝑁×0.0766 𝑝𝑝𝑠=𝑁×326 𝑏𝑝𝑠, being N the total number of aircrafts it is sending traffic to.

· For every data frame received (either at the satellite or aircraft side), an ACK frame is also sent. The ACK frames are 1,221 bits long.



This traffic model defines an asymmetric scenario. Aircrafts send towards Tx satellite a total of 𝜆𝐴𝐶−𝑇𝑥=48∙𝑁 𝑏𝑝𝑠 and Tx satellite send back a total of 𝜆𝑇𝑥=326∙𝑁 𝑏𝑝𝑠, so:
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		Transmitter satellite sends almost seven times much data frames than the aircrafts (considered all of them as one entity). This will have a beneficial impact on network throughput.









General hypothesis



The following general hypotheses have been assumed in all simulations:



· All aircrafts use p = 13/256 and TM1 = 4.5 ms, which are standard values for p-CSMA.

· The transmission queue at all terminals (aircrafts and Tx) is large enough to be considered infinite.

· All performances are represented as a function of the number of aircrafts N.

· In each scenario, three cases are considered: in the first one, the delay between Rx-Tx is set to 0. In the second, this same delay is set to 9 ms, and finally, in the third case, the parameters p and TM1 of the Tx satellite are set to 50/256 and 7.5 ms respectively. This last case is referenced in the graphs as (p, tm1).

· Each point of the graph is the mean of the measurement (delay, throughput or collision probability) of all involved AC, since all of them behaves in a similar way.



5.3.3 Results Scenario 1



Scenario 1 constitutes the baseline, and therefore allows a better understanding of how p-CSMA works in an SB-CNS environment. Remember that here all the aircrafts (AC) are located in the intersection of Tx and Rx satellite coverture. Therefore, all of them can transmit and receive data frames.
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Figure 5.3. Average queue delay at the aircrafts (AC) and at the transmitter satellite as a function of the number of AC



Queue delay at the aircraft



Left part of Figure 5.3 shows the average queue delay at each one of the AC, as a function of the number of AC. This is the delay suffered by frames due to the waiting time in the transmission queue, and to clearly understand the influence of the p-CSMA, it does not include the transmission time of the frames.



Even when there are no collisions (just only one AC, so for sure the channel will be sensed as idle), there exist a non-negligible delay. This is due to the p-CSMA algorithm itself that, when the channel is idle, it only allows transmitting with probability p, which is quite small. Numerically, the minimum waiting time in queue (i. e., the mean waiting time in queue when the channel is idle) can be calculated as:
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Knowing that p = 13/256 and TM1 = 4.5 ms, the minimum waiting time is 84.11 ms, which is marked as a horizontal red line in the figure.

Simulation result shows that:

1. The p-CSMA introduces a minimum delay of 84.11 ms.

2. Frames sent by aircrafts do not experience long delays (actually, it can even be considered negligible up to 20 aircrafts).

3. The propagation delay between Tx and Rx satellites (set to 9 ms) does not has any impact in the aircrafts queue delay.

4. As expected, delay at the aircrafts increases when the transmission probability at the Tx satellite also increases. However, it is also true that this increment is imperceptible up to 45 aircrafts.



Queue delay at the transmitter satellite 



On the other hand, right part of Figure 5.3 shows the queue delay at the transmitter satellite (Tx). Here there are two minimum delays: the first is 84.11 ms (red line), which corresponds with p = 13/256. However, this minimum delay decreases to 30.9 ms when p is set to 50/256 and TM1 to 7.5 ms (green line).



Simulation result shows that:

1. The p-CSMA introduces a minimum delay of 84.11 or 30.9 ms, depending on the value of p.

2. There is an instability point around 45 aircraft. From that point, the queue size grows exponentially, so does the delay.

3. In any case, delay is negligible up to 15 aircrafts, and acceptable up to 25. Depending on the service provided, it could be even acceptable up to 40 aircrafts.

4. The propagation delay between Tx and Rx satellites (set to 9 ms) does not has a serious impact in the aircrafts queue delay.

5. Delay decreases notoriously when the transmission parameters at the Tx satellite are fine-tuned. Now, the instability point is moved to 60 aircrafts, delay is negligible up to 40 aircrafts, and acceptable up to 50. Depending on the service provided, it could be even acceptable up to 55 aircrafts.



		To sum up, assuming the traffic model described above, p-CSMA algorithm impose a limit in the capacity of the transmitter satellite (Tx). In this regard, it is relevant to emphasize the importance of fine-tuning the parameters p and TM1 at the satellite side to overcome this limit. As a general rule and in order to avoid overloading the network, the higher the value of p, the higher the value of TM1 should be.







Collision probability & throughput at the aircraft



Collision probability is one of the most important aspects related to p-CSMA. As it will be seen shortly, collisions are the cause that network throughput can only reach a reduced percentage (30%, 40% or even 60%) of the available network capacity, which is 31.5 Kbps in SB-CNS. Both performances are strongly related and therefore, in this section they are going to be discussed together.



Left part of Figure 5.5 shows the collision probability at any one of the aircrafts, as a function of the number of active aircrafts. When considering no propagation delay between Tx and Rx satellites, it remains under 0.05 until 40 AC (and in any case it is never greater than 0.07). In addition, the presence of a lag of 9 ms between satellites deteriorates the probability, but not too much. Finally, when the parameter p and TM1 at the satellite side are fine-tuned to give it a higher transmission probability, the collisions at aircrafts suffer a significant increase. For example, when there are 40 aircrafts, the probability increases up to 0.13.



[image: Interfaz de usuario gráfica, Gráfico

Descripción generada automáticamente]

Figure 5.5. Collision probability and throughput at the aircraft (AC) as a function of the number of AC. Last figure shows the accumulated throughput, i. e. the sum of the throughputs of all involved aircrafts



Considering our traffic model, each aircraft should receive ideally 326 bps from the Tx satellite. However, this throughput is reduced as soon as collisions start playing an important role, as right part of Figure 5.5 also illustrates. The horizontal red line marks 326 bps, which is the ideal throughput (the one that would be if there were no collisions). Note that the throughput is reducing as the same time the collision probability is increasing. For example, when there are 40 aircrafts, the throughput is 307 bps (not too bad), is 298 bps (quite similar) when considering the 9 ms delay between satellite, and decreases at 283 bps when the satellite parameters are fine-tuned.



Figure 5.5 also shows the accumulated throughput of the aircrafts (bottom-centre of figure 5). It has the same meaning as the above figure but here, it us added the throughput of all the involved aircrafts (yellow line marks the ideal behaviour).



Before continuing, it is of the interest to check to what extend the presence of ACK frames are distorting the collision probability. To this end, Figures 5.6 shows the collision probability and the throughput at the aircraft but now, the traffic model does not consider ACK frames. It is remarking that the results are quite different. Collision probability is always small enough to guarantee a quasi-ideal throughput, even when the number of aircraft is beyond 40.
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Figure 5.6. Collision probability and throughput at the aircraft (AC) as a function of the number of AC. ACK control frames are not considered







		Summarizing, assuming the traffic model described above, the p-CSAM guarantee a reasonable throughput at the aircraft, even under high network load conditions.









Collision probability & throughput at the receive satellite



The Rx satellite is responsible of receiving data and control frames from aircrafts. Figure 5.7 shows the collision probability and throughput of the receiver satellite. Throughput remains linear up to 15 ÷ 20 aircrafts (yellow line represents the ideal throughput), but from that point, it starts losing linearity and stabilizes around 1 Kbps. There are mainly two causes that explain this behaviour:



· As the number of aircrafts increases, the management traffic (i. e., ACK frames) also increases. However, the throughput is defined as the capacity of the receiver in processing information bits, without considering control bits.

· The amount of ACK frames generated by aircrafts is the main reason for the increment of collisions, which in turns reduce the throughput. Additionally, the ACK frames are smaller (152 bytes) than data frames (1,385 bytes), so the p-CSMA can produce more collision than expected since parameter a is not as small as expected.



It has to be remarked that there are no big differences among the three cases considered. This is reasonable, since propagation delay between satellites affects only transmitter satellite behaviour, and fine-tuning its parameters does not affect its receiving capacity
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Figure 5.7. Collision probability and throughput at the receiver satellite (Rx) as a function of the number of AC
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Figure 5.8. Collision probability and throughput at the receiver satellite (Rx) as a function of the number of AC. ACK control frames are not considered
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Figure 5.9. Network throughput (accumulated throughput considering all the aircrafts and the Rx satellite as well) as a function of the number of AC. The upper horizontal axe shows the theoretical accumulates throughput that should be achieved under ideal conditions



At this point, it is of the interest to check again to what extend the presence of ACK frames are distorting the collision probability. To this end, Figures 5.8 shows the collision probability and the throughput at the receiver satellite but now, the traffic model does not consider ACK frames. As in the previous case, it is remarking that the results are quite different. The throughput is almost linear up to 40 aircrafts, and even it starts to decrease from this point, its value is still always acceptable.



Fortunately, as it has been said before, the traffic is quite asymmetric: Aircrafts generate much less traffic than transmitter satellite, so the effect of collisions at the receiver satellite is not as bad as it can seem at the first sight. In this regard, Figure 5.9 shows the network throughput, that is to say, the accumulated throughput considering all the aircrafts and the transmitter satellite. Note that throughput at 40 aircraft are close enough to the theoretical value (yellow line). Its maximum value is reached at 45 aircrafts to a value of 15 Kbps. Ideally, it would be 16.83 Kbps, so at this point, the system is able to reach the 89% of the required bandwidth.
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Figure 5.10. Simulation scenarios 2 and 3. Scenario 2 incorporates isolated aircrafts: ones in the coverture of satellite Tx and other in the Rx coverture. On the other hand, scenario 3 incorporates a new Rx satellite, defining a total of 5 zones: Rx1, Rx1-Tx, Tx, Tx-Rx2and Rx2	Comment by Author: ERIC: Figure 10, section 5.3.3 seems to indicate that each satellite will only have the received part or the transmit part of the VDLm2. This would mean that the current radio which is in “one piece” does not correspond to the SB-VHF design. If so, should we still refer to the existing equipment as listed in the Appendix B ? How the CSMA protocol will be managed ?
According to me, we should refer to the equipment that will be designed and installed onboard the satellite. Am I correct ?  	Comment by Author: This study is analysing the worst case, that is, the case in which the Tx and Rx are in a different satellite and therefore analysing how affects the delay Tx-Rx to the system capacity.



Conclusions Scenario 1



Scenario 1 has been useful for providing a baseline testbed to establish to what extent the p-CSMA algorithm can be reused to provide SB-CNS services. These are the main conclusion simulation results have provided:

· The propagation delay between both satellites has almost no impact in any figure.

· Since traffic is asymmetric, the first bottleneck arises at the transmitter satellite, and it is located around 45 aircraft (i. e., when it has to send frames to 45 aircraft at the same time).

· In this regard, it is very important to fine-tune the parameters p and TM1 at the transmitter side. Anyway, it is recommended that if p increases, TM1 increases as well, to try to compensate the imbalance.

· The throughput at the aircraft is acceptable even under high network load conditions.

· On the contrary, the throughput at the receiver satellite saturates around 1 Kbps. The main cause of this saturation is the overwhelming amount of ACK frames it has to manage. To reduce the impact of ACK, it is recommended to implement some kind on DSL sublayer facilities (RTS/CTS frames) or piggybacking, as long as the system at the aircraft allows it.

· Fortunately, the overall throughput is not far away from the theoretical one, since traffic is asymmetric.





5.4 Testing and Analysis for a technological solution under SESAR ECHOES project (Startical, Indra, Enaire, SITA)



(TBC)



5.5 Test Results under ECHOES project (Startical, Indra, Enaire, SITA)



(TBC if outcomes are on time)





5.6 Space based VHF testing and studies (Institute for Infocomm Research, Singapore) [32], [41]



The Institute for Infocomm Research (I2R) and the Agency for Science, Technology and Research (A*STAR) of Singapore have been developed several analyses and testing on Space-based VHF Voice Communications Systems. The summary of these contributions is extracted below.





5.6.1 Scintillation Effect



For Voice services scintillation simulation have been applied to typical DSB AM voice signal, the random effect and the short duration of the phenomenon made the simulation sensible to the parameters applied to simulate those phenomena. Nevertheless, the evaluation using real sound with or without scintillation effects smooth the effect in the observer due to the subjective evaluation.



For Data services scintillation simulation, ORCOMM and NOAA signals have been used. The summary of the outcomes is that surprisingly, even with the scintillation effects added, the PermissivePacket Error Rate (PER) remains at 3% with an original ORBCOMM signal with a PER = 3%.
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5.6.2 Doppler Offset



The Doppler shifts are within the permissible bandwidth of aircraft receiver for 25kHz channel spacing.
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5.6.3 Carrier Offset feasibility



For Voice services, 2 VHF space stations can transmit simultaneously with +/- 5KHz carrier offset.
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5.6.4 Doppler offset and Carrier offset analysis



The maximum variation of Doppler offsets won’t exceed 2.9 kHz, which is suitable for single or 2

carrier systems.
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5.6.5 Link budget calculation and satellite coverage simulation



There is 17dB link margin for typical airborne receivers (e.g., Rockwell Collins VHF 2100, sensitivity

-107dBm @ 6dB SINAD).



5.6.6 Analysis of out-of-band attenuation above 137MHz



With 3dB back off (i.e., 50W output power), the power amplifier has 72dB attenuation for the

frequency above 137MHz, even when it transmits at 136.975MHz with 8kHz offset (worst

case).
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5.7 Space Based VHF testing and studies (Skykraft)



5.7.1 VHF Link Budget Flight Validation



(work in progress)

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.



A summary of the findings and signal levels is provided in SK-EXC-CIO-0027 “VHF Link Budget Flight Validation” dated 23-Aug-2023 [115].



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.



5.7.2 VHF Data Link Concepts



(work in progress)





5.8 Others analysis and studies	Comment by Author: ERIC: In the validation report, do we really need to keep:
- the Section 5.8



5.8.1 [bookmark: Boeing_along_with_partners_Honeywell,_SI][bookmark: Using_this_aircraft_configuration,_three][bookmark: 10._APPENDICES]Assumptions for “Reverse-link” Adjacent-band interference Studies (MITRE) [74]



Reverse link studies have used assumptions to show unacceptable interference to the AMS(R)S Space Station receiver using ITU-R Recommendations; however, using those same emission characteristics would result in unacceptable interference to the AM(R)S aircraft receiver.



It is evidence that the AM(R)S is not being interfered with today, so the out-of-band (OOB) emissions assumptions used in the AI 1.7 WRC-23 studies may not reflect what really operates.



The systems operating on both sides of the 137 MHz frequency perform better than the generic ITU-R Recommendations for OOB emissions.



ITU-R Recommendations include adjacent-channel OOB emissions that are better than the generic recommendation.



This analysis only discusses the assumptions used in ITU-R WP5B studies and FSMP inputs.



Summary:

When using the guidance for adjacent-channel OOB attenuation (SM.1541, Annex 1, Appendix 1) together with Radio Astronomy Services (RAS) protection limits in 150.05-153 MHz band (required for Mobile Satellite Services (MSS)) and only taken into consideration by Space Research Services (SRS), Meteorology Satellite Services (MetSat), and Satellite Operations Services (SOS)), the adjacent-band interference of services in 137-138 MHz band will not exceed the various protection levels proposed for the AMS(R)S Space System receiver (with C/I = 15 / 20 / 30 dB). No changes to the ITU-R Recommendations are needed for compatibility.



5.8.2 Dynamic analysis in protection of receiving AMS(R)S satellites from MSS, SOS, SRS and MetSat satellite unwanted emissions in the band 137-138 MHz (ENAIRE, Indra, STARTICAL, Collins and SITA) [76]



This contribution provides some technical elements, related to the dynamic analysis and additional considerations for new comparative scenarios of assessment of interference from systems operating above 137MHz into AMS(R)S space receivers, also considering the different characteristics and requirements of the signals of AMS(R)S Voice and Digital Data Link services, taking into account the specific VHF channels where each service operates. It also assesses the mechanisms of VDLM2 to keep the integrity of the messages.



The studies conducted on the technical compatibility between future AMS(R)S and other adjacent band services have addressed two interference scenarios:

1. Protection of adjacent band services operating in the band 137 – 138 MHz from emissions of future AMS(R)S.

This analysis has been studied during the past three years and stable results have been derived on the requirements to protect the adjacent band services, either by compliance of Appendix 3 of the Radio Regulations for the unwanted emissions in the spurious domain and/or via hard limit of power flux density of the unwanted emissions in the out of band domain. These conditions are provided in the final report to WRC-23.

2. Analysis of the interference environment created by space stations of the adjacent band services into the space receiver of the AMS(R)S.

Reverse technical compatibility analyses have been carried out on the interference environment of emissions from space stations of the adjacent band services operating in the band 137 – 138 MHz into the space receiver of the AMS(R)S.



For the purpose of computing interference into the worst case of frequency assignments of AMS(R)S voice or data communications, it is assumed that both Voice and Data link operate at their highest possible frequency assignments. Regarding datalink, it is not expected that SB-VHF and GB-VHF are sharing the same channel in the same exact region. Their respective specific operational conditions, frequency planning and technical compatibility between AMS(R)S and AM(R)S would be defined at later stages.



The studies carried out include a variety of assumptions and scenarios, including theoretical assumptions like for example, that all adjacent band satellite networks (580 satellites) would be in operation including 222 satellites just operating in the closest 100 kHz (137.0-137.1 MHz). Such studies include several interference scenarios to re-confirm that the interference environment generated by adjacent band services is completely negligible even without taking into consideration any other improvements (for example, dual or multiple operation of several AMS(R)S space receivers providing redundancies).



The comparative studies come to reconfirm that the operation of AMS(R)S in the 117.975-137 MHz would not require any new constrains on existing VHF systems operating in the frequency band 137-138 MHz, while not affecting the safety operation of the future AMS(R)S data link and recommend some frequency planning exercise when assigning frequencies for AMS(R)S voice.



On top of a negligible risk of harmful interference, further considerations are made regarding the additional mechanisms of the VDLM2 to recover messages and assure safe operation implementing data integrity features.



Regarding the provision of Datalink services and, as it has been demonstrated, the system has sufficient capacity to manage interference since the ATN/OSI VDLM2 network implements sufficient error checking and frame/packet retransmission mechanisms to preserve the integrity and safe operation of datalink services with no loss of any message. This ability can be achieved by parameterizing certain values in the communications protocols of the different OSI layers.



Notwithstanding the foregoing and, in order to facilitate the integration of AMS(R) services with AM(R) services, it is recommended that the use of the CSC channel by AMS(R) systems be limited to signaling communications with aircraft to indicate the use of an alternative frequency for exchange of data.



As a final conclusion, it can be said that datalink services can be delivered based on AMS(R)S systems in the full band 117.975-137MHz, including the CSC channel, in order to obtain the best operational datalink provisions not requiring to impose any restriction to existing satellite-based VHF systems operating in the frequency band 137-138 MHz.



When applying the combination of low probabilities of radio interference obtained in the dynamic simulations and the capacity of recovering messages of VDLM2, the net resulting probabilities of interference cases when messages could be lost, result in levels of 0.00001% (0.02% interference x 0.05% duration) to 0.003 % (0.06% interference x 5% duration), which means resulting in practically zero risk of losses of messages. To have a relative comparative idea of the magnitude of these resulting percentages of messages lost, it is interesting to compare these numbers with the Eurocontrol reported statistics of collisions of VDLM2 operated in the AM(R)S, which reach the figure of 15 %. Consequently, the impact of interference into the operation of AMS(R)S will be several orders of magnitude lower than typical collision figures for AM(R)S, thus concluding that safety requirements for AMS(R)S will not be compromised due to interference from adjacent band services operating in the band 137-138 MHz.



Therefore, the operation of the AMS(R)S in the band 117.975-137 MHz does not require any additional constrain to the services operating above 137 MHz. 





5.8.3 Global analysis under Question and Answers format (ENAIRE) [49],  [50]



During the FSMP WG/13 meeting, it was agreed the creation of a Satellite VHF Coordination Group (CG-SV) to develop a set of frequently asked questions (FAQs) regarding the AMS(R)S (Aeronautical Mobile Satellite (R) Services) concept.



The collection of questions and answers (Q&As) can be found in the paper [50]. This material provides questions and answers related with different topics and have been classified in 4 matters:



i. Doppler shift. Contents 6 questions and their answers. 

ii. VDLM2. Contents 11 questions and their answers.

iii. Operations. Contents 16 questions and their answers.

iv. System Design Checklist. Contents 14 questions and their answers.



This material collets the main concerns, and the answers provide evidence to cope the concerns or provides explanation about how the system could cope with. 



The outcome of this task was a key element to remove the previous concern, support the feasibility study of Space-based VHF concept and consequently was a key element to achieve the allocation of AMS(R)S in the frequency band 117.975-137 MHz in the World Radiocommunication Conference 2023.





6. USE OF 117.975-137 MHz VHF CHANNELS WORLDWIDE [48, section 7.3]	Comment by Author: ERIC: In the validation report, do we really need to keep:
- and the new section 6 which is related the worldwide frequency assignment and is related to the coordination. For me,  this section is out of the scope of the present report. 



As an input to support the assignment of VHF frequencies for the AMS(R) services, this section provides statistical analysis on the usage of the frequency assignment to preliminary identify possible saturation of the available spectrum or whether there may be heterogeneous or unbalanced usage of certain frequency assignments.



6.1 Statistical use of the VHF channels



To understand the current VHF assignment, it is important to analyse the current use of VHF 117.975-137MHz channels worldwide.



Several statistical analyses were performed in order to study potential scenarios that could help to develop a worldwide coordination process for frequency assignments. The outcome of this first analysis indicates that defining a coordination process on a Regional basis could be an easy and practical way to establish the frequency assignment criteria for the AMS(R)S.



The next graphical Figure 6.1, processed from SAFIRE, Frequency Finder Data Base and FCC Data Base, show the worldwide use of VHF channels and with different sub-bands details, it can be found that:

· 2 channels are no used worldwide.

· There are 3 channels used lest than 10 times worldwide.

· The more saturated sub-bands are:

· 129-132MHz due to the AOC ground stations worldwide

· 136.5-137MHz due to the VDL-Mode 2 ground stations in Europe and USA.

· Less usage is done for the sub-band is 132-136.5 MHz.
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Figure 6.1. Worldwide statistical use of the VHF channels



The next graphical Figures 6.2 to 6.7 show the statistical analysis for each ICAO region except for North America (USA and Canada) as their frequencies do not appear in the Frequency Finder tool, it is easy to conclude that:

· It could be easier and more practical to define a coordination process on a Regional basis.

· The more complex area to define a frequency coordination process will be EUR region.

· Despite that no information is available for some countries in the North of America, it could be concluded that there will be a similar complex case than for EUR region, although some singularities may be present in some regions of North of Canada. 
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		Figure 6.2. ICAO-AFI Region, statistical use of the VHF channels (there is more than 40 channels not used)
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Figure 6.3. ICAO-APAC Region, statistical use of the VHF channels (there is more than 40 channels not used)
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Figure 6.4. ICAO-EUR Region, statistical use of the VHF channels (there is only 5 channels not used)



		[image: O:\ENAIRE\Startical - SHARE\WHITEPAPER SB-VHF\Frequency Allocation Figures Update\Region-MID, Region- MID, Channel range-118-137.025_histogram.png]

		[image: O:\ENAIRE\Startical - SHARE\WHITEPAPER SB-VHF\Channel_Usage_V1\0.0250\Region-MID, Region- MID, Channel range-118-137.025_text.png]





Figure 6.5. ICAO-MID Region, statistical use of the VHF channels (there is more than 40 channels not used)
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Figure 6.6. ICAO-CAR Region, statistical use of the VHF channels (there is more than 40 channels not used)
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Figure 6.7. ICAO-SAM Region, statistical use of the VHF channels (there is more than 40 channels not used)



Analysing the current global frequencies assignment, it could be found that:

· It could be easier and more practical to define a frequency coordination process on a Regional basis.

· There are more than 35 channels used less than 10 times worldwide.

· There are also more than 40 channels not used so far in a global basis with the exception of Europe and North of America.



		

		





Figure 6.8. ICAO-NAM Region, statistical use of the VHF channels (work in progress)



(work in progress)





6.2 Regional use of the VDLm2 channels (136-137MHz)



The Figure 6.9 shows, as an example, a draft drawing of the worldwide VDLm2 ground stations. It could be understood that the Communication Service Providers (CSPs) have to take in to account the overlapping of coverage between different stations to manage the VHF Data link service with the aircrafts receiving signals from different ground stations.



Special case is the European region where the massive overlapping could increase the complexity to manage the coordination network to establish and maintain the link between the aircraft and the ground operator.



In this situation it could be understood that an additional overlapping for VDL-Mode 2 service could be considered while not increasing the management complexity. Even if the strategy to provide VDL-Mode 2 coverage would take in to account a Space-Based VHF station, maybe some rationalization to the ground infrastructure could be applied and even, maybe some hidden problems or ping-pong jumping problems could be avoided. This is a serious concept to consider that a Space-Based VHF VDL-Mode 2 service could be a real benefit for the European cases.

 

Different considerations should take into account for the Space-Based VHF Voice services in airspace as congested as central Europe.



In addition, in other airspaces, a planning for VDL-Mode 2 coverage could be done taken in to account a potential Space-Based VHF system.
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Figure 6.9. Worldwide regional use of the VDLm2 channels (136-137 MHz)





6.3 ICAO-AFI Regional use of the VHF (132-137MHz) channels 



The Figure 6.10 shows, as an example, the statistical use of the sub-band 132-137 MHz in ICAO-AFI region, this provides and evidence that an assignment of frequencies to be used for Space-Based VHF in this ICAO Region it is possible on a regional basis.
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Figure 6.10. ICAO-AFI regional use of the 132-137 MHz channels





(work in progress)























7. COMPLIANCE TO ANNEX 10 VOL III SARPS

Provided in Annex A of this document.



8. COMPLIANCE TO ANNEX 10 VOL V SARPS

Provided in Annex B of this document.



9. CONCLUSIONS OF VALIDATION ACTIVITIES

(work in progress)



10. APPENDICES



10.1 Appendix A – Aircraft VHF antennas characteristic



The typical location of the three VHF antennas installed on a generic aircraft is shown on the schematic below. Two antennas are located on the top of the fuselage and one is located on the bottom part:

FIGURE A.1 - VHF antennas location
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The location and numbering (1, 2, 3; Right, Left, Center; A, B, C..) depend mainly on Airframer definition and can vary from various programs and/ or versions. 

The following examples of antenna pattern radiation used for aero VHF communication includes measured VHF antenna patterns in 3 plans (Horizontal, Longitudinal and Transversal plans). Conditions of the measurement has been performed;

–	in the vertical polarization,

–	Aircraft configuration with Landing Gear and Flaps & Slats retracted.



i	Aircraft 1 Single Aisle (Short range) – Patterns via Aircraft mock-up (scale 1/18).
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ii.	Aircraft 2: Long Range (Patterns via simulations)
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10.2 Appendix B – Ground stations - manufactures technical information



(work in progress)



The following examples show the “state of the art” about technology integrating the Voice radio, Data radio and Transmitter and Receiver solution in a single equipment fulfilling the international standards. The latest design applies the Software Defined Radio technology that provide a high flexibility for this integration.

The space solutions are a translation of this design and technology to the space radio station, therefore, all requirement related to the technical parameters defined in the Annex 10, Volume III are perfectly feasible to fulfill by a space radio system.

10.2.1 Rohde & Schwarz – Series4200 – VHF/UHF radio family for ATC communications [130] [131]



[bookmark: _Hlk166836657]Rohde & Schwarz offers transceivers for the VHF frequency range (112 MHz to 156 MHz) ensuring the communications with all types of aircraft present in the controlled airspace. The radios were implemented on a software basis in order to provide users with the widest possible range of applications. All radios of the are multichannel radios, but they can also be software-configured for reliable operation. 



Standard functions include 8.33/25 kHz channel spacing for VHF and 8.33/12.5/25 kHz channel spacing for UHF, carrier offset 1 to 5 (VHF), ACARS and VDL mode 2 data mode (VHF), LAN remote-control interface, serial interface for controlling automatic filters, and in-band signaling for push-to-talk (PTT) and squelch (SQ) with the capability to set different tones. Radios support digital voice transmission and VoIP in

Accordance with EUROCAE specifications. Best signal selection in the receiver. Data transmission in line with VDL mode 2 standard. VoIP in line with EUROCAE ED-137 and Detection of simultaneous transmissions in the receiver.



Standards: “All VHF radios of the R&S®Series4200 comply with or exceed the applicable standards from ICAO (Annex 10, Vol. III) and ETSI (EN 300676).”
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10.2.2 Park Air – T6 – VHF Software Defined Radios [132] [133]



The T6 Radio is the latest evolution in the Park Air range of professional ground to air ATC radios. It sets new standards for providing high levels of safety, efficiency and performance in a compact unit. Scalable, flexible and secure, the T6 Radio ensures robust and future- proof voice and data communications for years to come.

The Park Air Sapphire portfolio contains a full range of T6 VHF Transmitters, Receivers and Transceivers for both civil and military settings. Each model has all the features expected from a professional ATC voice and data radio. The T6 Radio range has the flexibility to operate in any ATC scenario. Designed using sotfware defined waveforms for AM-Voice, AM wideband, ACARS and VDL-M2.



Standards: “ICAO Annex 10 EN 300 676; EN 301 489 ED-137.”
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10.2.3 JOTRON – VHF Ground to Air Communication Radios [134] [135]



The Jotron Receiver and Transmitter are “State of the art” fully solid state design based on a Software-Defined Radio (SDR) concept with a Digital Signal Processor (DSP) as the core element. The DSP provide all signal handling between the IF signal format and the analogue audio signals and vice versa. This includes filtering, de-modulation, modulation signal levelling and more. The DSPs also handles all the control signalling within the RA and TA units, as well as external to the units. The units are software defined and are easily upgradable with new features or functionality if required.

The RF frequencies are controlled by synthesisers within the equipment and the units are tuneable within its full frequency operating range.



Standards: “ICAO annex 10, ETSI EN 300676; ETSI EN-301841 – 1; EUROCAE ED-137 (B) part 1,4 and 5.”
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ANNEX A – SB-VHF SARPS VALIDATION TABLE (Annex 10 – Volume III)



(Work in progress. Refer PfA Vol III version v012)



		

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 2 – GENERAL



		Chapter 2

		

		NVR

		

		

		Chapter 2 is yet to be developed.

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 3 – AERONAUTICAL TELECOMMUNICATION NETWORK



		Chapter 3

		AERONAUTICAL TELECOMMUNICATION NETWORK

		NVR

		

		

		The communications technologies that Chapter 3 is applicable to does not include Space-Based VHF.

(work in progress)

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 6, Part I of this Volume and by an Air-Ground VHF Voice Communications System are contained in Chapter 2, 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 5 – SSR MODE S AIR-GROUND DATA LINK



		Chapter 5

		

		NVR

		

		

		The communication/surveillance technologies that Chapter 5 is applicable to does not include Space-Based VHF.

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 6 – VHF AIR-GROUND DIGITAL LINK (VDL)



		6.1

		DEFINITIONS AND SYSTEM CAPABILITIES

		NVR

		

		

		No Validation Required



		6.1.1

		Definitions

…



Link. A link connects an aircraft DLE and a ground or space DLE and is uniquely specified by the combination of aircraft DLS address and the ground or space DLS address. A different subnetwork entity resides above every link endpoint.

…



Link management entity (LME). A protocol state machine capable of acquiring, establishing and maintaining a connection to a single peer system. An LME establishes data link and subnetwork connections, “hands-off” those connections, and manages the media access control sublayer and physical layer. An aircraft LME tracks how well it can communicate with the ground or space stations of a single ground or space system. An aircraft VME instantiates an LME for each ground or space station that it monitors. Similarly, the ground VME instantiates an LME for each aircraft that it monitors. An LME is deleted when communication with the peer system is no longer viable.

….

Subnetwork connection. A long-term association between an aircraft DTE and a ground or space DTE using successive virtual calls to maintain context across link handoff.

….

Subnetwork entity. In this document, the phrase “ground DCE” will be used for the subnetwork entity in a ground or space station communicating with an aircraft; the phrase “ground DTE” will be used for the subnetwork entity in a ground or space router

…

System. A VDL-capable entity. A system comprises one or more stations and the associated VDL management entity. A system may either be an aircraft system, or a ground or a space system.

---

User group. A group of ground and/or space and/or aircraft stations which share voice and/or data connectivity. For voice communications, all members of a user group can access all communications. For data, communications include point-to-point connectivity for air-to-ground messages, and point-to-point and broadcast connectivity for ground-to-air messages.

---

VDL station. An aircraft-based, or ground-based or space-based physical entity, capable of VDL Mode 2, 3 or 4.

…



		NVR

		

		

		Editorial change.

Given the new AMS(R)S Space-Based VHF Service requires no modification to the aircraft, these editorial changes are to apply the requirement for link to both, ground and space station, therefore:

a) a link between an aircraft DLE is applicable to ground or space DLE and that the DLS address it is applicable to the space station also, and

b) the protocol state machine (LME) applies to space station as well.

c) The space station is also considered a Data Terminal Equipment

d)  The DCE network provider equipment could be also be a set of space stations.

e) The space station will be also a part of a system.

f) The space station can be also a user group.

g) The space station is also a VDL station.

Therefore, No Validation Required.



		6.1.2.1

		Aircraft station radio frequency range. An aircraft station shall be capable of tuning to any of the channels in the range specified in Section 6.1.4.1 within 100 milliseconds after the receipt of an autotune command. In addition, for VDL Mode 3, an aircraft station shall be able to tune to any channel in the range specified in Section 6.1.4.1 within 100 milliseconds after the receipt of any tuning command.

		NVR

		

		

		6.1.2.1 Relates to the Aircraft and not to Space-Based VHF.

Therefore, No Validation Required.



		6.1.2.2

		Ground and Space station radio frequency range. A ground station shall be capable of operating on its assigned channel within the radio frequency range detailed in 6.1.4.1.



		NVR

		

		

		The new allocation for the AMS(R)S in the band 117.975-137 MHz is the same allocation band than for the AM(R)S. 

Therefore, No Validation Required.



		6.1.2.3

		Common signalling channel. Frequency 136.975MHz shall be reserved as a worldwide common signalling channel (CSC) for VDL Mode 2.

		IB

		

		

		Annex 10 Volume 5, Table 4-1 reserves the band 136.900 – 136.975 MHz inclusive for VHF air-ground data link communications.

ICAO Doc.9718, Volume II, Table 2-3 reserves 136.975 MHz for the Common signalling channel, reserved for VDL Mode 2.



		6.1.3.3

		Connection management. The VDL system shall establish and maintain a reliable communications path between the aircraft and the ground or Space-Based VHF system while allowing but not requiring manual intervention.



		

		

		

		As detailed in section Annex 10, Vol III, 6.1.1 Definition, the VDL connection could be establish also between aircraft and space-based system.

Therefore, No Validation Required.



		6.1.3.4

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



		IT

		Startical, Enaire, Indra

		

		Editorial change. The new text has been added to include the space station in the network transition in the same way than the current ground station.



Section 4 of this Validation Report summarized the operations concept in which the new ground stations in orbit will be integrated. In this environment, this new space station will be integrated and managed as a current VHF ground station.

Testing carried out in SESAR VOICE project, is summarized in section 5.2 of this Validation Report demonstrating that the integration is feasible.





		6.1.4.1

		The radio frequencies used shall be selected from the radio frequencies in the band 117.975–137 MHz. The lowest assignable frequency shall be 118.000 MHz, and the highest assignable frequency shall be 136.975 MHz. The separation between assignable frequencies (channel spacing) shall be 25 kHz.





		NVR

		

		

		The new allocation for the AMS(R)S in the band 117.975-137 MHz is the same allocation band than for the AM(R)S. 

Therefore, No Validation Required.







		6.1.4.2

		The design polarization of emissions shall be vertical.



		A

		France (Airbus, Thales Alenia Space) and Spain (Startical, Enaire Indra)

		

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

This phenomenon has been taken into account in the analysis carried out and record in section 3.2.4 of this Validation Report.





		6.2

		SYSTEM CHARACTERISTICS OF THE GROUND AND SPACE INSTALLATION

		NVR

		

		

		Editorial change to indicate the section applies also to the space installation.

Therefore, No Validation Required.



		6.2.1

		Ground and space station transmitting function

		NVR

		

		

		Editorial change to indicate that the section applies also to the space installation.

Therefore, No Validation Required.



		6.2.1.1

		Frequency stability. The radio frequency of VDL ground or 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 ground and space stations using DSB-AM modulation is specified in Part II, Chapter 2 for 25 kHz channel spacing.



		Ia

		VDR Manufacturers Datasheet

		

		Editorial change to introduce the space station also in the requirement in the same way than the current ground station.

In Appendix B of This Validation Report there are several Manufacturer Datasheet demonstrating the requirement is standard compliance. 



		6.2.3.1

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



		LT

		Startical, Enaire, Indra, I2R



		

		Several laboratory testing carried out demonstrate the level of spurious emission are compliance with Appendix S3 to the Radio Regulations. Details are incorporated in section 3.2.6 and 5.6.6 of this Validation Report.	Comment by Author: ERIC: There is a reference to a power amplifier in section 5.6.6. Will it be used with the radio? VDL and/or POA. If so, the out-of-band / spurious emission should be measured with the whole equipment chain (Radio + amplifier) 



		6.2.4

		Adjacent Channel emission

		LT

		Startical, Enaire, Indra, I2R



		

		Several laboratory testing carried out demonstrate the level of spurious emission are compliance with Appendix S3 to the Radio Regulations. Details are incorporated in section 3.2.6 and 5.6.6 of this Validation Report.



		6.2.4.1

6.2.4.2

6.2.4.3

6.2.4.4

6.2.4.5

		… for sections and sub-sections the term “..or space …” or “… and space…” have been added in these sections.

		

		

		

		Editorial change to indicate the section applies also to the space transmitter.

Therefore, No Validation Required.



		6.2.5

		Interference immunity performance



[

6.2.5.1 Recommendation.— For a Space-Based VHF receiver, operating with channel center frequency between 136.8 and 136.975 MHz, the receiving function should satisfy required signal quality performance, when operating in the presence of an aggregated power level of received interference defined in the ITU Radio Regulations Resolution 406 (WRC-23).



OR



6.2.5.1 For a Space-Based VHF receiver, operating with channel center frequency between 136.8 and 136.975 MHz, the receiving function shall satisfy required signal quality performance, when an aggregated power level of received interference reaches a level at the receiver input as follows:

		% of the time

		Out-of-band aggregated power level (dBW/25 kHz) in the channel centred 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 1.— Signal quality is defined in Chapter 2 of Part I of the Manual on VHF Digital Link (VDL) Mode 2 (Doc 9776). [The testing procedure will be included in this manual]

]

		A / S

		France (Airbus, Thales Alenia Space) and Spain (Startical, Enaire Indra)

		

		New section added. The addition of 6.2.5 is proposed to that Space-Based VHF receiver in orbit operating in the band 136.8 – 136.975 MHz is required to operate in the presence of a defined aggregated power level of received interference to protect.

It is expected that only datalink services will be provided in the 136.8 – 136.975 MHz Band for Space-Based VHF Services. Doc.9718 Vol II Supplement shows that the entire 136.8 – 136.975 MHz band is allocated for VDL in the regions.



The section 3.2.7 of this Validation Report contains the analysis and simulation outcomes during the development of process to evaluate the compatibility of AMS(R)S in the frequency band 117.975-137 MHz from the systems operating services above 137 MHz.



The summary of this analysis and simulations have been incorporated also in this section 3.2.7.





		

		

		A

		MITRE

		

		Additional analysis of potential interferences from the systems operating in 137-138 MHz have been carried out and summarized in section 5.8.1 (Assumptions for “Reverse-link” Adjacent-band interference Studies) of this Validation Report.



		6.3

		SYSTEM CHARACTERISTICS OF THE AIRCAFT INSTALLATION

		NVR

		

		

		System characteristic of the aircraft installation are not affected by the Space-based VHF.

Therefore, No Validation Required



		6.4

		PHYSICAL LAYER PROTOCOLS AND SERVICES



The aircraft,  and ground and space stations shall access the physical medium operating in simplex mode.

		IT

		Startical, Enaire, Indra

		

		Editorial changes to incorporate the space stations to the physical layer protocols and services in the same way than the current ground station.

Section 4 of this Validation Report summarized the operations concept in which the new space stations will be integrated. In this environment, this new space station will be integrated and managed as a current VHF ground station.

Testing carried out in SESAR VOICE project, is summarized in section 5.2 of this Validation Report demonstrating that the integration is feasible.



		6.5

		LINK LAYER PROTOCOLS AND SERVICES

		IT

		Startical, Enaire, Indra

		

		Section 4 of this Validation Report summarized the operations concept in which the new space stations will be integrated. In this environment, this new space station will be integrated and managed as a current VHF ground station.

Testing carried out in SESAR VOICE project, is summarized in section 5.2 of this Validation Report demonstrating that the integration is feasible.



		6.5.1.1 c)

		VDL management entity (VME), which establishes and maintains DLEs between the aircraft and the ground-based or space-based systems using link management entities (LME).



		NVR

		

		

		Editorial changes as detailed in section 6.1.1 Definitions. The space station can establish and maintain a DLE with the aircraft.

Therefore, No Validation Required



		6.6.1

		Architecture for Mode 2

		IT

		Startical, Enaire, Indra

		

		Section 4 of this Validation Report summarized the operations concept in which the new space stations will be integrated. In this environment, this new space station will be integrated and managed as a current VHF ground station.

Testing carried out in SESAR VOICE project, is summarized in section 5.2 of this Validation Report demonstrating that the integration is feasible.



		6.6.1.1

		The subnetwork layer protocol used across the VHF air-ground subnetwork for VDL Mode 2 is referred to formally as a subnetwork access protocol (SNAcP) and shall conform to ISO 8208, except as contained in the Manual on VDL Mode 2 Technical Specifications. The SNAcP is contained within the Manual on VDL Mode 2 Technical Specifications as the subnetwork protocol. If there are any differences between the Manual on VDL Mode 2 Technical Specifications and the cited specifications, the Manual on VDL Mode 2 Technical Specifications shall have precedence. On the air-ground interface, the aircraft subnetwork entity shall act as a DTE and the ground or space subnetwork entity shall act as a DCE.

		NVR

		

		

		Editorial changes as detailed in section 6.1.1 Definitions. The space subnetwork can act as a DCE.

The checking of this functionality is detailed in the above section 6.6.1.

Therefore, No Validation Required



		Table 6-2

		Modes 2 and 3 modulation stability

Ground and Space Modulation Stability



		

		

		

		Editorial changes to introduce the applicability of Modulation Stability to the Space station.

Work in progress



		6.7.1

		VDL Mode 2 SNDCF

		IT

		Startical, Enaire, Indra

		

		Section 4 of this Validation Report summarized the operations concept in which the new space stations will be integrated. In this environment, this new space station will be integrated and managed as a current VHF ground station.

Testing carried out in SESAR VOICE project, is summarized in section 5.2 of this Validation Report demonstrating that the integration is feasible.



		6.8

		VOICE UNIT FOR MODE 3

		NVR

		

		

		This section is not applicable for Space-Based VHF.

Therefore, No Validation Required.



		6.9

		VDL MODE 4

		NVR

		

		

		This section is not applicable for Space-Based VHF.

Therefore, No Validation Required.



		

		APPENDIX TO CHAPTER 6 REFERENCES

		NVR

		

		

		Informative section.

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 7 – AERONAUTICAL MOBILE AIRPORT COMMUNICATIONS SYSTEM (AEROMACS)



		Chapter7

		AERONAUTICAL MOBILE AIRPORT COMMUNICATIONS SYSTEM (AEROMACS)

		NVR

		

		

		This Chapter is not applicable for Space-Based VHF.

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 8 – AFTN NETWORK



		Chapter8

		AFTN NETWORK

		NVR

		

		

		This Chapter is not applicable for Space-Based VHF.

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 9 – AIRCRAFT ADDRESSING SYSTEM



		Chapter9

		AIRCRAFT ADDRESSING SYSTEM

		NVR

		

		

		This Chapter is not applicable for Space-Based VHF.

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 10– POINT-TO-MULTIPOINT COMMUNICATIONS



		Chapter10

		POINT-TO-MULTIPOINT COMMUNICATIONS

		NVR

		

		

		This Chapter is not applicable for Space-Based VHF.

Therefore, No Validation Required.
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		Annex 10 – Volume III – Part I – Chapter 11– HF DATA LINK



		Chapter11

		HF DATA LINK

		NVR

		

		

		This Chapter is not applicable for Space-Based VHF.

Therefore, No Validation Required.
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		Annex 10 – Volume III – Part I – Chapter 12– UNIVERSAL ACCESS TRANSCEIVER (UAT)



		Chapter12

		UNIVERSAL ACCESS TRANSCEIVER (UAT)

		NVR

		

		

		This Chapter is not applicable for Space-Based VHF.

Therefore, No Validation Required.
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		Annex 10 – Volume III – Part II – Chapter 1 – DEFINITIONS



		Chapter1

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



		NVR

		

		

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



Therefore, No Validation Required.
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		Annex 10 – Volume III – Part II – Chapter 2 – AERONAUTICAL MOBILE SERVICE



		2.1.1

		The characteristics of the air-ground VHF communication system used in the International Aeronautical Mobile Service or the 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.



		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.



		2.1.1.4

		The design polarization of emissions shall be vertical.



		A

		France (Airbus, Thales Alenia Space) and Spain (Startical, Enaire Indra)

		

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

This phenomenon has been take into account in the analysis carried out and record in section 3.2.4 of this Validation Report.



		2.2

		SYSTEM CHARACTERISTICS OF THE GROUND AND SPACE INSTALLATION



		NVR

		

		

		Editorial changes. Introduction of the applicability of the systems characteristic’s installation also to space installation.

Details of technical requirements are explained in the breakdown sub-sections.

Therefore, no validation is required.



		2.2.1

		Transmitting function

		Ia

		VHF radios Manufacturers Datasheet

		

		In Appendix B of this Validation Report there are several Manufacturer Datasheet demonstrating the requirement is standard compliance. 



		

		

		A

		I2R

		

		Additional to the demonstration of standard compliance from the VHF radios manufacturer incorporated in Appendix B of this Validation Report, related with the offset carrier, analysis outcome that for Space-based VHF could be limited to two-carrier systems.

The details of this analysis have been incorporate in section 3.2.6 and 5.6.6 of this Validation Report.



		

		

		A

		France (Airbus, Thales Alenia Space) and Spain (Startical, Enaire Indra)

		

		The feasibility for power capacity have been record in section 3.2.1 of this Validation Report.



		2.2.2

		Receiving function

		Ia

		VHF radios Manufacturers Datasheet

		

		In Appendix B of this Validation Report there are several Manufacturer Datasheet demonstrating the requirement is standard compliance. 



		

		

		A

		France (Airbus, Thales Alenia Space) and Spain (Startical, Enaire Indra)

		

		The feasibility for power capacity have been record in section 3.2.1 of this Validation Report.



		

		

		LT

		Startical, Enaire, Indra

		

		The effective acceptance bandwidth including Doppler effect have been tested in the lab. Details are summarized in section 5.1 of this Validation Report.



		2.3

		SYSTEM CHARACTERISTICS OF THE AIRBORNE INSTALLATION

		NVR

		

		

		System characteristic of the aircraft installation is not affected by the Space-based VHF.

Therefore, No Validation Required



		2.4

		SINGLE SIDEBAND (SSB) HF COMMUNICATION SYSTEM CHARACTERISTICS FOR USE IN THE AERONAUTICAL MOBILE SERVICE

		NVR

		

		

		This section is not applicable for Space-Based VHF.

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 6, Part I of this Volume and by an Air-Ground VHF Voice Communication System are contained in Chapter 2, 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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		Annex 10 – Volume III – Part II – Chapter 3– SELCAL SYSTEM



		Chapter 3

		SELCAL SYSTEM

		NVR

		

		

		(work in progress)

The space radio station retransmits the SELCAL signal generated by the ground station, and does not generate the tones.  SELCAL tones are in-band (audio), and therefore relative to the carrier, so any doppler effect is relative to the audio tone, not the radio frequency.  The Doppler shift due to the satellite motion is therefore insignificant.

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.



		3.1 d)

		d) Level stability. The RF signal transmitted by the ground or space radio station shall contain, within 3 dB, equal amounts of the two modulating tones.



		NVR

		

		

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

Therefore, no validation is required.



		3.3

		As of 3 November 2022, aeronautical stations which are required to communicate with SELCAL-equipped aircraft shall have SELCAL encoders that support all tones in accordance with Table 3-1.

		NVR

		

		

		The space radio station retransmits the SELCAL signal generated by the ground station and does not generate the tones.

Therefore, no validation is required.
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		Annex 10 – Volume III – Part II – Chapter 4– AERONAUTICAL SPEECH CIRCUITS



		Chapter 4

		AERONAUTICAL SPEECH CIRCUITS

		NVR

		

		

		This Chapter is not applicable for Space-Based VHF.

Therefore, No Validation Required.
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		Annex 10 – Volume III – Part II – Chapter 5– EMERGENCY LOCATOR TRANSMITTER (ELT) FOR SEARCH AND RESCUE



		Chapter 5

		EMERGENCY LOCATOR TRANSMITTER (ELT) FOR SEARCH AND RESCUE

		NVR

		

		

		(work in progress)

[121.5 MHz only]

Therefore, No Validation Required.
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		Annex 10 – Volume III – Attachment to Part I – GUIDANCE MATERIAL FOR THE VHF DIGITAL LINK (VDL)



		

		(work in progress)

		

		

		

		



		2.2

		VDL ground or space stations consist of a VHF radio and a computer capable of handling the VDL protocol throughout the coverage area. The VDL stations offer connectivity via a ground-based telecommunications network (e.g. X.25 based) to ATN intermediate systems which will provide access to ground-based ATN end systems.

Note.- For the space stations, the connectivity via a ground-based telecommunications network is extended to the space stations via a feeder link space gateway and a space communications network when implemented.



		NVR

		

		

		Editorial change. The new text has been added to include the space station in the system description in the same way than the current ground station.

The Note has been added to clarify that the connectivity between the space station and the ground-based telecommunications network is done via a gateway feeder link using a designated frequency defined by the Space-Based VHF operator. 

Therefore, No Validation Required.



		2.3

		In order to communicate with the VDL ground or space stations, aircraft are required to be equipped with VDL avionics which will include a VHF radio and a computer capable of handling the VDL protocol. The air-ground communication will utilize 25 kHz channels in the VHF aeronautical mobile (route) service or aeronautical mobile satellite (route) service band.



		NVR

		

		

		Editorial change. The new text has been added to include the new AMS(R)S and the space station as a component of the AMS(R)S in the same way than the current ground station for AM(R).

Therefore, No Validation Required.



		3

		VDL PRINCIPLES

		

		

		

		



		3.1

		Communications transfer principles

		

		

		

		



		3.1.1

3.1.3

3.1.4

3.1.5

		… or space …..

… or space … or space  … or space …..

… or space … or space  … or space …..

… or space … or space  …

		NVR

		

		

		Editorial change. The new text has been added to include the space station as a component for the link connection with the airborne or aircraft in the same way than the current ground station.

Therefore, No Validation Required.



		3.2

		VDL quality of service for ATN routing

		

		

		

		



		3.2.5

		It is necessary that coordination take place between aircraft operators, ground and space station operators and ground and space system operators to ensure that the right balance is achieved between different subnetworks.

		NVR

		

		

		Editorial change. The new text has been added to include the space station as a component for coordination with the aircraft operator in the same way than the current ground station.

Therefore, No Validation Required.



		4

		VDL GROUND STATION NETWORK CONCEPT

		

		

		

		



		4.1

		Access

		

		

		

		



		4.2

4.2.3

		…. and space ….

…. and space ….

		NVR

		

		

		Editorial change. The new text has been added to include the space station as a component of network operator in the same way than the current ground station.

Therefore, No Validation Required.



		4.3

4.3.1

		…. and space ….

…. or space …..

		NVR

		

		

		Editorial change. The new text has been added to include the space station as a VDL station in the same way than the current ground station.

Therefore, No Validation Required.



		4.4

		Ground station siting

		

		

		

		



		4.5

		Ground and space station frequency engineering

		NVR

		

		

		Editorial change. The new text has been added to include the space station in the frequency engineering in the same way than the current ground station.

Therefore, No Validation Required.



		4.5.1

















4.5.2

		The choice of the VHF channel on which a ground or space station will operate depends on the coverage that the ground station will be required to provide. Coverage on a particular channel is provided by a collection of ground stations operating on that channel and the communications on that channel will occupy the channel for all the ground stations in a coverage area.



…. and space ….

		NVR

		

		

		Editorial change. The new text has been added to include the space station in the frequency engineering and simplifying the text in the same way than the current ground station.

Therefore, No Validation Required.



		4.6

4.6.1

4.6.2

4.6.3

4.6.4

4.6.5

		…. and space ….

…. or space ….. or space …..

…. or space ….. or space ….. or space …..

…. or space ….. ground

…. or space ….. or space …..

…. or space ….. or space-based ….



		NVR

		

		

		Editorial change. The new text has been added to include the space station as a component in the defined connections with the ATN system in the same way than the current ground station.

Therefore, No Validation Required.



		5

		VDL AIRBORNE OPERATING CONCEPT

		

		

		

		



		5.3.1

5.3.2

		…. or space …..

… and space …. or space ….. ground



		NVR

		

		

		Editorial change. The new text has been added to include the space station as a component to be register in the network.

Therefore, No Validation Required.



		Figure ATT I-1

		(work in progress)
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		Annex 10 – Volume III – Attachment to Part II – GUIDANCE MATERIAL FOR COMMUNICATION SYSTEMS



		

		(work in progress)

		

		

		

		



		1.1

		Audio characteristics of VHF communication equipment

		

		

		

		



		1.2

		Offset carrier system in 25 kHz, 50 kHz and 100 kHz spaced channels

		

		

		

		



		1.3

		1.3	Immunity performance of COM receiving systems in the presence of VHF FM broadcast interference

		

		

		

		



		1.3.1

		With reference to the Note of 2.3.3.2 of Part II, the immunity performance defined there must be measured against an agreed measure of derogation of the receiving system’s normal performance, and in the presence of, and under standard conditions for the input wanted signal. This is necessary to ensure that the checking of receiving station equipment on bench test can be performed to a repeatable set of conditions, and results, and to facilitate their subsequent approval. An adequate measure of immunity performance may be obtained by the use of wanted signal of minus 87 dBm into the receiving equipment and the signal modulated with a 1 kHz tone at 30 per cent modulation depth. The signal-to-noise ratio should not fall below 6 dB when the interfering signals specified at Part II, 2.3.3.1 and 2.3.3.2 are applied. The broadcast signals should be selected from frequencies in the range between 87.5 and 107.9 MHz and should be modulated with a representative broadcast type signal.





		A

		

		

		The scope of paragraph 1.3.1 is intended to be applicable when signal could be affected by VHF FM broadcast close to the VHF ground stations with potential interferences level of  -5 dBm. Taking into account a maximum ERP of 100 KW (80 dBm), the attenuation propagation at 600 Km altitude, about more than 130 dB, and the bandwidth rejection of satellite antenna VHF antenna systems, this potential interference from frequencies in the range between 87.5 and 107.9 MHz never will achieve a level of -5dBm at space station receiver in the frequency band 117.975-137MHz.



Editor’s note: to review the final numbers.



		2 

		SELCAL

		

		

		

		



		2.1 a)

2.1 b)

		…. or space …..

…. or space ….. or space …..



		NVR

		

		

		Editorial change. The new text has been added to include the space station capable for the function of the SELCAL in the same way than the current ground station.

Therefore, No Validation Required.
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		Annex 10 – Volume V – Chapter 1 – DEFINITIONS



		Chapter 1

		Primary means of communication. The means of communication to be adopted normally by aircraft and ground or space stations as a first choice where alternative means of communication exist.



		NVR

		

		

		Editorial change to indicate that the primary means of communications applies also to the space stations.

Therefore, No Validation Required.



		

		Space-Based VHF. A type of 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.
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		Annex 10 – Volume V – Chapter 2 – DISTRESS FREQUENCIES



		2.1

		Frequencies for emergency locator transmitters (ELTs) for search and rescue

		

		

		

		



		2.2

		2.2	Search and rescue frequencies
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		Annex 10 – Volume V – Chapter 3 – UTILIZATION OF FREQUENCIES BELOW 30 MHz



		Chapter 3

		UTILIZATION OF FREQUENCIES BELOW 30 MHz

		NVR

		

		

		This Chapter is not applicable for Space-Based VHF.

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



		4.1

		Utilization in the frequency band 117.975 – 137.000 MHz

		

		

		

		



		4.1.1

		General allotment of frequency band 117.975 – 137.000 MHz

		

		

		

		



		4.1.2

		Frequency separation and limits of assignable frequencies

		

		

		

		



		4.1.2.3

		Note.— No changes will be required to aircraft systems, or ground or space systems operating solely in regions not using 8.33 kHz channel spacing.



		NVR

		

		

		Editorial change to indicate that the space stations also do not require changes in regions not using 8.33 kHz channel spacing.

Therefore, No Validation Required.



		Table 4-1 a)

		Worldwide utilization: 

International and National Aeronautical Mobile Services and Aeronautical Mobile Satellite Services

		NVR

		

		

		Editorial changes. The new text details that the allotment table 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.



		Table 4-1 d)

		Worldwide utilization: 

National Aeronautical Mobile Services and Aeronautical Mobile Satellite Services

		NVR

		

		

		Editorial changes. The new text details that the allotment table 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.



		Table 4-1 f)

		Worldwide utilization: 

National Aeronautical Mobile Services and Aeronautical Mobile Satellite Services

		NVR

		

		

		Editorial changes. The new text details that the allotment table 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.



		Table 4-1 h)

		Worldwide utilization: 

International and National Aeronautical Mobile Services and Aeronautical Mobile Satellite Services

		NVR

		

		

		Editorial changes. The new text details that the allotment table 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.



		Table 4-1 i)

		Worldwide utilization: 

National Aeronautical Mobile Services and Aeronautical Mobile Satellite Services

		NVR

		

		

		Editorial changes. The new text details that the allotment table 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.



		Table 4-1 j)

		Worldwide utilization: 

International and National Aeronautical Mobile Services and Aeronautical Mobile Satellite Services

		NVR

		

		

		Editorial changes. The new text details that the allotment table 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.



		Table 4-1 k)

		Block allotment frequencies (MHz):

136.9000 – 136.975 inclusive





		

		

		

		Work in progress



		Table 4-1 k)

		Worldwide utilization: 

International and National Aeronautical Mobile Services and Aeronautical Mobile Satellite Services

		NVR

		

		

		Editorial changes . The new text details that the allotment table 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.



		4.1.3

		Frequencies used for particular functions

		

		

		

		



		4.1.3.1.1 a)

		to provide a clear channel between aircraft in distress or emergency and a ground or space station when the normal channels are being utilized for other aircraft;



		NVR

		

		

		Editorial change. The new text has been added to include the space station as a user of the Emergency channel.



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 [and maritime mobile-satellite 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.



		

		

		

		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



		

		

		

		Work in progress



		4.1.3.5.1

		In areas where VDL Mode 4 is not implemented, the frequency 136.925 MHz shall be provided as an alternate frequency for the Space-Based VHF Digital Link Mode 2 (VDL Mode 2). This uses the VDL Mode 2 modulation scheme and carrier sense multiple access (CSMA).



		

		

		

		Work in progress

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).





		4.1.4

		Provisions concerning the deployment

of VHF frequencies and the avoidance of harmful interference

		

		

		

		



		4.1.4.1

		The geographical separation between facilities operating on the same frequency shall, except where there is an operational requirement for the use of common frequencies for groups of facilities, be such that the protected service volume of one facility is separated from the protected service volume of another facility by a distance not less than that required to provide a desired to undesired signal ratio of 20 dB or, where applicable, by a separation distance not less than the sum of the distances to the associated radio horizon of each service volume, whichever is smaller.



		

		

		

		Work in progress

There are several ways to achieve this separation, including frequency planning and antenna or beam diversity.



Recommend no change to the previous wording



		4.1.4.2

		For areas where frequency assignment congestion is severe or is anticipated to become severe, the geographical separation between facilities operating on the same frequency shall, except where there is an operational requirement for the use of common frequencies for groups of facilities, be such that the protected service volume of one facility is separated from the protected service volume of another facility by a distance not less than that required to provide a desired to undesired signal ratio of 14 dB or, where applicable, by a separation distance not less than the sum of the distances to the associated radio horizon of each service volume, whichever is smaller. This provision shall be implemented on the basis of a regional air navigation agreement.



		

		

		

		Work in progress

There are several ways to achieve this separation, including frequency planning and antenna or beam diversity.



Recommend no change to the previous wording





		4.1.4.2

		….

[bookmark: _Hlk166596070]Note 6.— When considering Space-Based VHF; establishing protection for facilities operating on the same frequency from harmful, interference the desired to undesired signal ratio method should be used. For large separation distances between facilities, the radio horizon method may be more applicable.



		

		

		

		Work in progress



		4.1.4.8

		In the frequency band 117.975 – 137.000 MHz, the frequencies used for National Aeronautical Mobile Services and Aeronautical Mobile Satellite Services, unless worldwide or regionally allotted to this specific purpose, shall be so deployed that no harmful interference is caused to facilities in the International Aeronautical Mobile Services.



		NVR

		

		

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



Therefore, No Validation Required.



		4.1.5

		Method of operation

		

		

		

		



		4.1.6

		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.

		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.



		4.2

		Utilization in the frequency band 108 – 117.975 MHz

		NVR

		

		

		This Chapter is not applicable for Space-Based VHF.

Therefore, No Validation Required.



		4.3

		Utilization in the frequency band 960 – 1 215 MHz for DME

		NVR

		

		

		This Chapter is not applicable for Space-Based VHF.

Therefore, No Validation Required.



		4.4

		Utilization in the frequency band 5 030.4 – 5 150.0 MHz

		NVR

		

		

		This Chapter is not applicable for Space-Based VHF.

Therefore, No Validation Required.
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		Annex 10 – Volume V – ATTACHMENT A – CONSIDERATIONS AFFECTING THE DEPLOYMENT OF LF/MF FREQUENCIES AND THE AVOIDANCE OF HARMFUL INTERFERENCE



		ATTACHMENT A

		CONSIDERATIONS AFFECTING THE DEPLOYMENT OF LF/MF FREQUENCIES AND THE AVOIDANCE OF HARMFUL INTERFERENCE

		NVR

		

		

		This Chapter is not applicable for Space-Based VHF.

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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Other means ofproving conformity wih the essenial requiemeris

(stndarcsispectications used):

Anbringung des CE-Zeichens ab: 2008 / Affiing the EC conformity mark as from 2008
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EC-Declation Suitability For Use Of Constituents

‘Namo and_Addross of Manufacturer Consttuents / Scope of Application
‘Ronds & Schwarz GmbH & Co. KG

MOhidorst. 15 XU4200 VHE TRANSCEIVER S0W
81671 Munich 5U4200 VHF TRANSCEIVER 50W

‘Communication System for
Board/Ground Communication

‘Systom Assignment:

‘General Informations to the Constituent

Reforonce number of Regulstion

VO (EG) s 55272004 and VO (EG) 126672007

Manufacturer Description

Rode § Schwarz Gt & Co kG
Mohidorfse. 15
81671 Munich

Doscription of Constituent

‘Ground Radio Station of moblle Al Traffc Conirol Service,
Types XU4200 61447300, 6144.7400xx

SUG00 61447500
Frequency Range 112 - 155,875 MHz, Channel spacing 25 kHz 12,6/ 8.33 kHz, 50 W-
TransmittarReceiver in 19" rack, operation mode ASE

Description of applied proceeding used for Declaration of Sorviceabilty

" Modul Internal Process Contro”acc. (o annex Il parts A and B o regulation VO (EG]
126512007

« AnnexV RETTE Regulation 1999I5/EC

« Annex|ll regulation VO (EG) Nr. 55222004

« “Flugsicherungs-Anlagen- und Gerdle-Musterzulassungs-Verordnung - FSMusterzull* of
21, December 2001 (BGBI. 2002 1 P-27)

Appropriate Regulations

Compiiance with the sssental requirements duly assessed:
Detailed One-on-one analysis of serviceabilty wilhin he A Traffc Management System for the
Lite Cycle Phases design. production and maintenance regarding the functione creria
=" Seamlass operation REGULATION (EC) No 56272004 Anex I, Part A No 1
«+ Support for new conceps of oporation REGULATION (EC) No 55212004 Annex I, Part A
Noz
+ Safety REGULATION (EC) No 56272004 Anex I, Part A No 3
+ Civi-miltary coordination REGULATION (EC) No 552/2004 AnnexI, Part A No &
+Principles governing the construction of systerms REGULATION (EC) No 552/2004 Amnex:
| Part ANo 7
+performance of the transmitterreceiver ground constiuent COMMISSION REGULATION
(EC) No 1265/2007 Aticle 3 No §

ased on foloving documents:

«ICAO Annex10, Volume Il part I, chapter 2 N. 2.1, 2.2 and atachment A o part i,
Volume V!

EN 80950-1 : 2001

ETS| EN 301489-1 V1.6.1 (2005-09), ETS| EN 301 488-22 V1.3.1 (2003-11)

EN 300 339 V1.1.1 (1998.06) (Emissions from the enclosure port/ Radiated Emissions)

ETSI EN 300676-1 V1.4.1 (2007-04),

Reg TP SS8 FL 004 (2005-05)

Rec. 1986/519/EG, 26. BimSchV
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[EC-Declation Suitability For Use Of Constituents

Notified Body.

~Nore -

Roforence to Common Specifications
“None.
Details on the persons authorized to sign
Jurgen Schmit Torg Chadaetek
Hoad of R&D ‘Quality Management Product Qualfication and
Ground Radlos. Qualty Inspecton
Rohde & Schwarz GmbH & Co. KG Rohde & Schwarz GmbH & Co. KG

Declarat

The Manufacturer Rohde & Schwarz GmbH & Co. KG, Munich, declares, that the
above described EATMN constituent
« finds the EATM constituent suitable for use within its air traffic management
environment.

‘Additional details acc. to DIN EN ISO/IEC 17050-1:2004 No. 6.2

« Conformily to RTTEDIRECTIVE 1999/5/EC was declared with the CE Certicate
2008-83 dated 24.10.2008

« type celifcate_of constuent n Genmany for A Traff Contro i provided for
'XUU4200 6130 2000.07 by Gerllicate D-0013/2007 dated 26.03.2007
54200 6130.2200.07 by Certicats D-0015-2007 dated 26.03.2007
EUA200 6130.2100.07 by Certficate D-0014-2007 dated 26.03.2007

 DINENISOIEC 17050-2 was considered whie issing the ,Accompanying Documents”
of this EC declaration

« This constituent s a [class A] consttuent acc. to EUROCONTROL Reguiatory Unit
Questionnalre to capture usar's viaws or the application ofconformity assessmentfo
EATMN constiuents and Systems - Fnal Report -

Piace, Bate | T-porson auhorzedTosign | Z porson autharzed 5 3ign
Place,Date [ 200 D Rarssemen i 51

womwn |y 4 oGp g iA ;((Q%mm
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TCB S oRzToN
Cartcason

Issued Under the Authoriy o the
Fedaral Communicatons Commission

By

TCB

PHOENIX TESTLAB GmbH
Kosrigswinkel 10 Date of Grant 01302009
032625 Blomberg. o
Germany. ‘Appiiation Dated: 01302008
Rohds & Schwarz GmbH & Co KG
Postfach 80 14 6. Department 2ACE
Munich, 31614
Germany.
Attention: Ruediger Leschhorn  Dr.
NOT TRANSFERABLE

'EQUIPHENT AUTHORZATION  heeby issued o e named GRANTEE, and .
VAL ONLY for e equipment dentfed hreon foruse under e Commission's
Fudks and Reguiatons Ised below.

Foc peNTIFER: RVWGTAATAO0
Name of Grantee: Rolde & Schwarz GmbH & CoKG:
Equipment Class: Licensed Non Brodcast Station Transmiter

Natex: Muimode VAF Ground to Al Transceiver
Freguency Output  Frequency
GrantNotes ECC Rule Pans Sange (2 | |, Matis ' Tolerance:
o Tieg - 1sis. 803/, 0w
o 1180575 363 L 10 PM
o R0 eSS 1280’ | A0

e e s Conducted. Tis deve, ncuing % anemndls), mist e profedsnlly
il o 3 oot permanent ucure 55 ESTES 1 e g or eeung R
posurs comprance raqurements The amenn)s)use fo ths st st b
sl o provide aseparatn dsance o tas{ 256 m fom 3l pesons and st
ot be colocatedoroperaing n conncton wi ay other anern o sansmitar
Usersand ntales st be provided i aniera sl rstons
ransmiter operaingcondtions or s3isying RF expusure conplance. This e
contins uncons that are ot cperatonaln .S Temtofes Fis fing s oly ppkcstle
for US operstons

Emission
Designstor
Ta2mzE

K761
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Key specifications

General characteristics

Operating frequencies 118MHz 10 137 Mz
112 Mz 10 137 Mz
118MHz 10 156 Mz
112 Mz 10 156 MHz
Waveforms AM-Voice (25 kH2/8 33 kHz channel spacing) AM-Wicebang ACARS VDL-M2
Interfaces Seif-locking Lemo for microphone/headset 4-Wire E&M for voice and data

‘Three individually addressable Ethemet ports for VolP and RCMS E1 for voice and RCMS Two N-type
coaxial antenna connectors

Radio pair operation ‘Autonomous selection of main/standby or trnSIfeceive f2dio with intemally controlled audio
and RF switching
Powier supply 99-264 VAC 21-32VDC

Standards ICAD Amnex 10 EN 300 676;EN 301 489 ED-137
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PARK AIR

8 Specification
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PARK AIR

EU type approval

EU Dedlaration of Conformity

Campany T
Information Northfie ds, Market Deeping Peterborough, PES SUE.
wan 730 130
ot ot PARKAR TS
bt o7ay (uosessasyn or 260565508/
desrpion Femuate 65 00008 0 5000003/
[ ———
e AR NOND i 23853 el soui
i Enees 1 (o taon 12007)
enon 92221 12020:10)
evor a1 (.11200609)
ensoas porn)
ENS00E751 (1152201108 XSO0 762 V211 215:42)
Py
Nottedbody | TOVSI0omaAN A 25

Strandvelen 125, 2900 Heleup,Denmark
EUype examination cetfcate OC-REDOOON22104

i declraionof conformty s ssuedunder th s resarslly of th manufacture.
T product s e tested o the sted standards nd  onfimed 35 beng n complance
Wit the esental requremens and provsions of ircthe 2014/S3/EU (RED), Directve
2012/19/£U(WEEE) and Drective 2011 5/EU inclding amendiment 2015/863 (RoHS).

e technical documentation relevant 10th product wilbe held t Park Al Systems iited
for ot es than tan years fterthe st prodct has been manufacured.

N4 U

nelupton
Techaical Diecor, Park Al Sstems Liited
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PARK AIR

EU Declaration of Suitability for Use
company. Park ArSystems Umited
information

Norhfieis Mariet Deeping,Peterborough, PESSUE
1S

Product, model (Pt PARKAIRTS
) s ToTRY (2405655031 or 24.05655043/r)
description Fimware 6500000841/10.nn0r 500000903/ L.ny
Ground i transcsierfor use i the VHF seronautia band
g AM vlce/ACARS/VDLME with 25/8 3 ks chammel spacing

Standards [ENB00676-1(V15.2201103)/ ENBO0E76:2 (12 11 2015-12)
D137, volumes 1, 430

Conditonsofuse Information n use, performance, envrorment nstalaton and
maintenance canbe foundinthe produst ser documentaton T6-
DuUSRTRLEN

The producthas beentested tathe fsted standards and s daclared s being n complance
withthe ssentalrecuirements and prowsons of Dircte 2014/53/EU (D),

Basic Regulatin () 2018/3139 with extant regultons £C) No S52/2008 snd
Iteroperabiy channe spacing (£C) No 1079/2012,and CAO Annex 10 2diton 2 vokume 3
pan 2chapter 2, and s therefore suitable for ATM se.

Thetechnica documentation rlevant o the productwill b= heldat Park A SystamsLiited
fornotles than ten yeasster the st producthas been manfactured.

Neilupton
TechncalDirectr,Park Al Systems imited
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TRON

Standards
The equipment s designed to meet the following directives:

- Europesn Directive 2014/53/EU (RED)

- European Directive 2011/65/EU, Restricion of Hazardous Substances (RoHS)

- Europesn Directive 552/2004 (SE5) = amended by 1265/2007 (8.33 ki channsl spacing)

The equipment s tested to the following product standards:

ewc: EN 301489-1, EN301485-22, IC RSS181 ssue 3,
FCC part 15 and part 87
IECs0950-1

Hesith and safety: ENs0S50, Cs4.C22.2 60550

Radio specifications: EN300676 (AM), EN301842-1 (VDL mode 2)

VolP & Remote contror: ED137(8) parc 1 (VoIP), pard (rcorder) part S (remte control)

Use of the Transceivers TR-7750, 77300, TR7750U and TR7750C can be subject {0 operator
certficate in accordance with Articie 10.10 of the RED 2014/53/EU or other national
requirements. Please check with your local national radio license Authority.

Hereby, otron AS declare that the radio equipment type TR-7750, 7730U, TR7750U and
TR7750C are in compliance with Directive 201¢/53/EU. The ful text of the EU deciaration of
conformityis available at the following internet address: https://wuiw jotron.com/
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2 Technical SPECIFICATIONS

2.1 General specification, TR-7750

Applicable Standards

AM, AVMISK ICAO annex 10, ETSIEN 300676

VDLmode 2 TSI EN-S01841 1

Voice over 1P EUROCAE ED-137 (8) part 14 and 5

Emc ETSI EN-301489 part 1/22, FCC rule 158 2nd 87, ICRSS-141

Random Vibration ETSI EN 300015-2-2(V2.1.2) method: IEC 60068-2-64

Bump ETSI EN 300015-2-2(V2.1.2), method: EC 60068-2:29

Free Fal ETSI EN 3000162-2(V2.1.2), method: IEC 60068-2-32

General, AM 25 kHz D8PSK (VDL2)

Frequency range 117,975 to 137,000 MHz (1o 142,000 or 156 000 are optional]

Frequency accuracy (stability) | <+10 ppme@ 20°C t0 +55 °C, <20.3 ppme@ 0°C to +40 °C (ambient temperatures)

GKEOASEIN | SKODASEIN 13K0A2D 1aK0G10E

(AM25 k) | (AM 8.33 kbtz) (aM sk (08PsK)

Bitrate 241005 315 it/s

‘Audio frequency response. 3003400z | 30025008z

Data ports RS232, RS485, 1008aseT (Ethemet/LAN)

Protocols UDP/IP- SNMP .1, SNMIP w3, RTP, SIP, NTP, TFTP, DRCP, RTSP
TCP/IP: Remote control ltron), RTP, SIP, HTTP, RTSP

Serial:  RS232, RS4SS;

See Protocol description documents for additional information

BITE monttoring Allrelevant parameters for Transmitter and Receiver_Ref. BITE below.

Pre-set channels 99

RF impedance 500, N-connector

Temperature range ~20°C to +55°C (operating) -30°C to +70°C (storage)

Humidiy 95% @+40°C (non condensing)

'AC operating votage 85 t0 264VAC, 4763z

Receiver, RA-7203: 18.0-31.2VDC

‘Transmitter, TA-7650 w/PSU-7006 (standard): 19.0-31.2VDC

Transmitter, TA-7650 w/PSU-7007 (optiona): 19.0-31.2VDC

(More detail on operation conitions under each module)

RF Modes

DC operating voltage:

<105 from power on unti transmitter/receiver is available for use on allaudio and control interfaces,
including the P inerface.

Startup time.
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=)0TRON

Declaration of Conformity
CE and UKCA

4733126780
sales@jotron.com

VHF/AWI Digal Multimode Transceiver wiVolP (S0W)
Jotron 45
otron

Mogel/Type

84700C TR-7750 consisting of B4000C TA-7650, B4500C RA7203 and
87700 SU-7006 o 9000 PSU-7007

8470002 77750 consisting of 84000C-02 TAT650, 84500C:02 RA-
| 7203 and 87700 PSU-7006 or 89000 PSU-7007 |

| 1365 TR7750W8 ‘consisting of 81230C TA-7650WB, 81229C RA-

Istested to and conforms withthe essential tet uites ncluded n the following standards, which ae n force
withi the EEA and UF:

Standard issue date Certicate No.

[en 301 sss01v2 11 017 8ased on Nemko . Report No, 173435-
L i . o 4/ 328170-1 EMC Test Report. |
EN 0148922 V13 1 2003 Based on Nermko 5. Repore No. 173435-
N . B I 43281701 EMC TestReport
EETIETEs 2005 Jotron 0401 /Nemko Reference number

| I | 98122/8 VDL ode 20pt. |
[ieceasss1eas 2018 Nemko A5, Report

| EN1EC62368-1:2020 + A112020 No394315_427674 _Safety_IEC 623681
CoAUL 6236812015 e

4042000 BT TR 7504 AW_S470C02 T TTS0VH_AU_SISSCTRT3S0WB W0k

Jotoncom oty
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