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Pursuant to Resolution 772 (WRC-19), in preparation for agenda item 1.6 (WRC-23), this contribution provides further clarity to our view on the use of SOVs in section 4.3 and further updates to address bracketed texts and some of the editor’s notes in the document. It is proposed to elevate the status of this document to Preliminary Draft New Report.
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ATTACHMENT
[bookmark: _Hlk134922638]WORKING DOCUMENT TOWARDS PRELIMINARY DRAFT NEW REPORT RELATING TO VARIOUS ASPECTS OF USE OF RADIOCOMMUNICATIONS FOR SUBORBITAL VEHICLES [suborbital vehicles studies]
[bookmark: _Hlk32223518]Note: There is deep and serious divergence of views on the purpose, concept and approach under which suborbital vehicle could operate and governed by a valid regime of the radio regulations. These divergences are demarcation, altitude, radio regulations and class of station.
[Editor’s Note: The title may need to be reviewed]
[Editors Note: it is expected that the present Report will only talk about the technical aspects of sub-orbital vehicles without mentioning the WRC topic, Res., etc.] 
1	Introduction
[Resolution 772 (WRC-19), in preparation for WRC-23 agenda item 1.6, invites the ITU-R:
	"1	to study spectrum needs for communications between stations on board sub‑orbital vehicles and terrestrial/space stations providing functions such as, inter alia, voice/data communications, navigation, surveillance and TT&C;
	2	to study appropriate modification, if any, to the Radio Regulations, excluding any new allocations or changes to the existing allocations in Article 5, to accommodate stations on board sub-orbital vehicles, whilst avoiding any impact on conventional space launch systems with the following objectives:
–	to determine the status of stations on sub-orbital vehicles, and study corresponding regulatory provisions to determine which existing radiocommunication services can be used by stations on sub-orbital vehicles, if necessary;
–	to determine the technical and regulatory conditions to allow some stations on board sub-orbital vehicles to operate under the aeronautical regulation and to be considered as earth stations or terrestrial stations even if a part of the flight occurs in space;
–	to facilitate radiocommunications that support aviation to safely integrate sub‑orbital vehicles into the airspace and be interoperable with international civil aviation;
–	to define the relevant technical characteristics and protection criteria relevant for the studies to be undertaken in accordance with the bullet point below;
–	to conduct sharing and compatibility studies with incumbent services that are allocated on a primary basis in the same and adjacent frequency bands in order to avoid harmful interference to other radiocommunication services and to existing applications of the same service in which stations on board sub-orbital vehicles operate, having regard to the sub-orbital flight application scenarios.
	3	to identify, as a result of the studies above, whether there is a need for access to additional spectrum that should be addressed after WRC-23 by a future competent conference."]
[bookmark: _Hlk32223663]2	Abbreviations/Glossary
ADS-B:	Automatic dependant surveillance – broadcast
ADS-C:	Automatic dependant surveillance – contract
AMS(R)S:	Aeronautical mobile satellite (route) service
GNSS:	Global navigation satellite service
ICAO:	International Civil Aviation Organization
MES:	Mobile Earth station
MSS:	Mobile satellite service
RNSS:	Radionavigation satellite service
RR:	Radio Regulations
TT&C:	Telemetry, tracking & telecommand
[bookmark: _Hlk73971791]3	Relevant ITU-R Recommendations and Reports
Recommendations
ITU-R M.1038-0	Efficient use of the geostationary-satellite orbit and spectrum in the 1-3 GHz frequency range by mobile-satellite systems
ITU-R M.1184-3	Technical characteristics of mobile satellite systems in the frequency bands below 3 GHz for use in developing criteria for sharing between the mobile-satellite service and other services
ITU-R M.1316-1	Principles and a methodology for frequency sharing in the 1 610.6‑1 613.8 MHz and 1 660-1 660.5 MHz bands between the mobile-satellite service (Earth-to-space) and the radio astronomy service
ITU-R M.1471-1	Guide to the application of the methodologies to facilitate coordination and use of frequency bands shared between the mobile-satellite service and the fixed service in the frequency range 1-3 GHz
ITU-R M.1741-0	Methodology for deriving performance objectives and its optimization for IP packet applications in the mobile-satellite service
ITU-R M.1787-4	Description of systems and networks in the radionavigation-satellite service (space-to-Earth and space-to-space) and technical characteristics of transmitting space stations operating in the bands 1 164-1 215 MHz, 1 215-1 300 MHz and 1 559-1 610 MHz
ITU-R M.1901-3	Guidance on ITU-R Recommendations related to systems and networks in the radionavigation-satellite service operating in the frequency bands 1 164-1 215 MHz, 1 215-1 300 MHz, 1 559-1 610 MHz, 5 000-5 010 MHz and 5 010‑5 030 MHz
ITU-R M.1903-1 	Characteristics and protection criteria for receiving earth stations in the radionavigation-satellite service (space-to-Earth) and receivers in the aeronautical radionavigation service operating in the band 1 559-1 610 MHz
ITU-R M.1905-1 	Characteristics and protection criteria for receiving earth stations in the radionavigation-satellite service (space-to-Earth) operating in the band 1 164‑1 215 MHz
ITU-R M.1638-1	Characteristics of and protection criteria for sharing studies for radiolocation (except ground based meteorological radars) and aeronautical radionavigation radars operating in the frequency bands between 5 250 and 5 850 MHz
ITU-R RS.1260-2	Feasibility of sharing between active space-borne sensors and other services in the range 420-470 MHz
ITU-R SA.363-5	Space operation systems
Reports
ITU-R M.2413-0	Reception of automatic dependent surveillance broadcast via satellite and compatibility studies with incumbent systems in the frequency band 1 087.7‑1 092.3 MHz
ITU-R M.2477-0	Radiocommunications for suborbital vehicles
4	Suborbital vehicles 
4.1	Description of suborbital [flight and suborbital] vehicle
While Report ITU-R M.2477-0 includes a definition of suborbital flight, following further considerations and taking into account the diversity of applications, it may be necessary to provide more flexibility to the description of suborbital fight and suborbital vehicles.  
[Editors Note: Various descriptions of suborbital flights are provided below. They are still being debated and discussed.]
	For radiocommunication purposes a suborbital flight is described as an intentional flight of a vehicle travelling at speeds at which it does not achieve its corresponding orbital velocity, reaching the upper atmosphere and beyond without becoming a satellite (see RR No. 1.179) [before returning back to the surface of the Earth]. 
	An intentional flight of a vehicle expected to reach the upper atmosphere without completing a full orbit around the Earth and without having the capability nor the intent to become a satellite (see RR No. 1.179) before returning back to the surface of the Earth.
	An intentional flight of a vehicle expected to reach the upper atmosphere without reaching the lowest altitude of a stable circular satellite (see No. 1.179) before returning back to the surface of the Earth.
Some examples of suborbital flights are shown in Annex 1.
A suborbital vehicle is a vehicle executing a suborbital flight;”
4.2	Operational concepts
[bookmark: OLE_LINK11]Currently, there are a variety of technical solutions to achieve suborbital flight. Launch modes include horizontal and vertical.  Landing modes include horizontal landing and vertical landing.  Recovery modes include self-controlled return and parachute recovery. Thrust modes include rocket power and combined power. Suborbital flights can be implemented by different combinations of the above modes. Annex 1 provides the corresponding use cases in European airspace which would be used for spectrum needs and functional analysis. Figures 1 and 2 show examples of the operational concepts of a suborbital flight.
Figure 1
[bookmark: _Hlk103149640][bookmark: _Hlk103149708]Examples of various operational concepts of suborbital flight
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Figure 2
Examples of suborbital flights
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With the rapid development of the various new suborbital flight concepts in recent years, such as hypersonic flight and reusable carrier rocket technology, suborbital flight has become an operational reality, which supports a wide range of fields including transportation, tourism, and scientific research. 
Suborbital vehicles may be categorised in different broad applications: [Space] transportation; Scientific research; Technology testing and demonstration; Deployment of satellite launcher; Remote sensing; and Astronaut training. Examples of some different applications of suborbital flight are addressed below:
1.	[Tourism flights consisting of a flight carrying crewmembers and passengers to beyond the Karman Line (the unofficial boundary between the Earth’s atmosphere and space), using a reusable suborbital rocket. The suborbital flight achieves Mach 3 velocity during launch and will spend a few minutes in zero gravity before deploying parachutes to return to the surface of the Earth. 
2.	A suborbital vehicle ferried by a special airplane and then released at a high altitude from a conventional aircraft. This suborbital vehicle, which is part airplane and part rocket, uses rocket thrust to increase altitude beyond the Karman line and then return to the surface of the Earth like a glider.
3.	A conventional space launch provider using a first-stage reusable booster as part of its mission.  Some components would remain in the atmosphere and other would reach space.  The rocket will have its own communications requirements (e.g. for telemetry, tracking and telecommand), separate from any telemetry information of the satellite payload. 
4.	Related to scientific research, is the use research rockets or sounding rockets, which aim to collect scientific data and conduct engineering tests in a simple, cost-effective and time efficient way.]
See also, Report ITU-R M.2477 for details and information about suborbital vehicles and associated flights
[4.3	Regulatory considerations [Status of stations on sub-orbital vehicles]
Radio stations operating onboard sub-orbital vehicles are expected to operate in frequency bands currently allocated to certain terrestrial and space radiocommunications services, including various aeronautical related services used by conventional aircraft, while not creating new constraints on applications of the same service and on other radiocommunication services that are allocated on a primary basis in the same and adjacent frequency bands. 
There is no intention to define a new category of station in the RR, and hence the station onboard a sub-orbital vehicle would have to conform to the definitions of terrestrial stations in RR No. 1.62, earth stations in RR No. 1.63, and space stations in RR No. 1.64.
The difficulty relative to the status of stations that may be applicable to suborbital vehicles is due to the lack of an agreed demarcation line between the Earth’s atmosphere and space.  As the sub-orbital vehicle may be physically located within the major portion of Earth’s atmosphere and/or for a brief period of time in space, the definitions could lead to an inconsistency in the application of the regulations for the stations on the sub-orbital vehicle which intend to operate as terrestrial and/or earth stations, due to the brief period of time in space, since the terrestrial and earth stations would have to remain in the major part of the Earth’s atmosphere to comply with these definitions.
One consequence of the inconsistency could be that the definition of space station found in RR No. 1.64 should be the baseline for the classification of a station onboard sub-orbital vehicle. In such a case, in accordance with the definition of the RR. No. 1.64, the classification of the stations on-board a sub-orbital vehicle has to be “space stations” when the operation “is beyond, is intended to go beyond, or has been beyond, the major portion of Earth’s atmosphere”. These stations would therefore need to use the appropriate space service allocation. However, the relevant space service allocation or directions of the space services to be used for sub-orbital vehicles do not always exist in the current Table of Frequency Allocations. [Such view may be applicable where the demarcation line between the Earth atmosphere and space is defined, which is not the case.] [According to this view, operation of an earth station or terrestrial station onboard suborbital vehicles during the brief period of time that it may be in space, irrespective of being safety related or not, can be only notified in accordance with RR No. 4.4.] Consequently, an earth station or a terrestrial station onboard sub orbital vehicle operating in space could then only be notified under RR No. 4.4. 
[The radiocommunications required to apply RR No. 4.10 for aeronautical application would then have to remain beyond the major portion of the atmosphere. The Method also addresses the safety radiocommunications when located outside airspace under international or national aviation regulation while remaining in major portion of the atmosphere.] If the application of RR No. 4.4 is not sufficient for earth stations or terrestrial stations intending to reach space, then following additional studies would be required to be undertaken under possible new agenda item for WRC‑27[ by completing of the operational scenarios for the different types of sub-orbital vehicles intending to reach space and to define functional requirements in terms of radiocommunications, list if any, listing of the current aeronautical safety of life radiocommunication systems and associated frequency bands which require RR No. 4.10 when located in space, listing the need of non-safety of life radiocommunication systems and associated frequency bands which would require coexistence provisions when operated in space, conducting for the frequency bands listed previously; appropriate regulatory, technical and operation studies complying with RR No. 1.64 on the definition of space stations when sub-orbital vehicles are operated in space while not adversely affect the services sharing the band and in the adjacent band].
Another consequence of the inconsistencyapproach is to consider the classification of stations in the context of all Article 1 definitions in that terrestrial and earth stations onboard the sub-orbital vehicle retain the status of the terrestrial station or earth station during the whole flight when the purpose of the radiocommunications does not change without change to classification, within their respective service allocations, and including the brief period of time the suborbital vehicle may be located in space. A terrestrial station is defined as, “a station effecting terrestrial radiocommunication,” and terrestrial radiocommunication (RR No. 1.7) is defined as, “any radiocommunication other than space radiocommunication or radio astronomy”. As per RR No. 1.61, be it a terrestrial station or Earth station associated with a space service, each station shall be classified by the service in which it operates permanently or temporarily. While the sub-orbital vehicle is physically located beyond the Earth’s atmosphere for a brief period of time, the physical location of the sub-orbital vehicle on which the stations are located does not change the need for, or purpose of the use of, specific radiocommunication applications.  [Or] Location of the communication equipment on board a suborbital vehicle does not change the purpose and use of the application performed by such equipment and studies performed to date indicate that the interference environment would not be impacted negatively as a result of brief physical placement of a station inside the major portion of the Earth’s atmosphere or beyond it.
[A further view was expressed that, upon review of the RR provisions, it could be considered that there are no difficulties with the existing RR Article 5 allocations when a space station on-board sub‑orbital vehicle goes beyond or is intended to go beyond a major portion of the Earth’s atmosphere, based on the space radiocommunication service in which the station operates.] Report ITU-R M.2477 states that some suborbital vehicle operations may require temporarily making unavailable large areas of international and national airspace for conventional aircraft during the period of their transition to and from space. This results in airspace disruptions, extra travel time, re-routing flight paths, additional aircraft fuel consumption, etc. However, the studies in the Report also show the technical capability of some current aircraft avionics systems to be operated onboard suborbital vehicles, to facilitate the safe integration of suborbital vehicles into the same airspace as conventional aircraft during their transition to and from space which would minimize the airspace disruption. 
The report also identified several existing radiocommunications services that are envisaged for use by stations onboard suborbital vehicles including, but not limited to:
a)	Aeronautical radionavigation service for surveillance and navigation;
b)	Aeronautical mobile service, including the aeronautical mobile (Route service), for VHF voice and data communications and automatic dependent surveillance -broadcast (ADS-B);
c)	Aeronautical mobile satellite service, including the aeronautical mobile satellite (Route) service (AMS(R)S), for voice and data communications and surveillance ADS‑B and automatic dependent surveillance – contract (ADS-C);
d)	Mobile satellite service, including AMS(R)S, for communications and telemetry, tracking and command (TT&C) applications;
e)	Aeronautical radiodetermination service (not a specifically defined service in the RR) for surveillance;
f)	Radionavigation satellite service (RNSS) for navigation with global navigation satellite systems operating in the frequency bands 1 164-1 215 MHz and 1 559-1 610 MHz, and
g)	Space operation service for TT&C.
5	Functional and spectrum needs for communications between stations on-board sub‑orbital vehicles and terrestrial/space stations
5.1	Radiocommunication functional needs
There are functional needs for radiocommunications between stations on-board sub-orbital vehicles and terrestrial/space stations providing functions such as, inter alia, voice/data communications, navigation, surveillance, and TT&C.
5.1.1	Telemetry, tracking and command 
Telemetry, radio telemetry and space telemetry are defined in Radio Regulations (RR) Nos. 1.131, 1.132, and 1.133. Radio telemetry for sub-orbital vehicles provide information about the status of vehicle and its subsystems. It is envisioned that the real-time telemetry is transmitted to ground stations, relay satellites, or space stations over radio frequency links. Additionally, some sub-orbital vehicles may require transmitting real-time high-definition digital videos from multiple feeds carrying visual information about the vehicle status to ground terminals directly or through relay satellites or space stations. 
Telecommand and space telecommand are defined in RR Nos. 1.134 and 1.135. Radiocommunications for telecommand are used to initiate, modify or terminate functions of equipment on sub-orbital vehicles. 
Space tracking is defined in RR No. 1.136. It is envisioned that sub-orbital vehicle will rely on dedicated radio frequency links to measure in real time the position and velocity of the vehicle by means of radiodetermination. Such tracking is expected to be performed through either ground station terminals or relay satellites or space stations.
A desired aspect of sub-orbital vehicles’ TT&C links is the ability to maintain the link throughout various phases of flight including atmospheric re-entry where radio communication with the vehicle experiences significant attenuation due to plasma effects caused by extreme heating and ionization of air around the vehicle. 
5.1.2	Communications
It is expected that sub-orbital vehicles will establish and maintain communications with ground-based mission control centres during the full duration of flight through either direct communication between the various suborbital stations and ground, or through relay satellites or space stations. These communication links are like the communications commonly established by aircraft. In order to integrate into airspace used by conventional aircraft, suborbital vehicles are expected to use the same internationally or nationally standardized aviation safety systems. Passenger communications which may, for example, be for entertainment purposes are not considered safety of life.
As mentioned before, an important aspect of sub-orbital vehicle communication requirements is the desire to maintain the communication links throughout various phases of flight or have necessary mitigation and procedures in place, as required. Therefore, when designing the communication equipment to be deployed and procedures to be implemented for suborbital vehicles operation, considerations would have to be given to:
–	atmospheric effects during re-entry where radio communication with the vehicle experiences significant attenuation due to plasma effects caused by extreme heating and ionization of air around the vehicle;
–	additional Doppler effects caused by the increase in speed relative to conventional aircraft; and
–	the vehicle’s altitude and increased separation distances from ground stations.
5.1.3	Surveillance
A surveillance service provides the identification and position of users of the airspace and obstructions. For example, the ADS-B, using the frequencies 978 MHz and 1 090 MHz, is an ICAO‑standardized aeronautical surveillance system. It provides airspace navigation service providers and other users of the airspace surveillance data for high-altitude, high-velocity vehicles, including suborbital vehicles. One of the use-cases for this system includes equipping the suborbital vehicle to report ADS-B messages in all phases of flight for the purpose of aeronautical surveillance and collision avoidance from other airspace users, such as conventional aircraft operating in the airspace at lower altitudes and at much lower comparative velocities. Other surveillance technologies exist for use by conventional aircraft and suborbital vehicles, such as ADS-C. The principal surveillance application would be the same as that used for conventional aircraft.
5.1.4	Navigation
Navigation is the determination of the position and velocity of a moving vehicle. It is expected suborbital vehicles would continue to utilize the same radionavigation systems currently in use for conventional aircraft. There are several electronic aids currently available for navigation, including global navigation satellite system (GNSS), which are operated under the RNSS allocation (space-to-Earth).
[5.2	Spectrum needs for sub-orbital vehicles 
The expectation is that suborbital vehicles will use the space and terrestrial radiocommunications similar to systems used by conventional aircraft for the purposes of air traffic management.
Considering that suborbital vehicles are expected to consist of only a small fraction of overall aviation traffic, the spectrum requirements for the operation of suborbital vehicles are not expected to significantly impact on overall aviation spectrum requirements.
Examples of services and frequency bands identified for stations on board sub-orbital vehicles can be found in Annex 2.]
Annex 1 provides the corresponding use cases in European airspace which would be used for spectrum needs and functional analysis. 
6	Summary
[To be added]




[Annex 1
Use cases for sub-orbital vehicles
[Editors Note: The Figures need to be edited for the ITU audience.  Also, there is a need to explain the acronyms such as “A to A]
A to A type:
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A to B type:
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Launchers type:
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[Editors Note:  The attached requires improvement]
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The figure represents in a single logarithmic scale graph, the main aerospace systems categories w.r.t. their altitudes and speeds, plotted at their max ‘Embedded mechanical energy’ level (kinetic + potential energies / mass) during a typical nominal operation.”
It is recognized that the frequency accommodation for suborbital vehicles should not negatively impact the current use of frequencies by any other radiocommunication services.
A3.1	Examples of radiocommunications services and frequencies
[Editors Note: it is expected to revisit this section at next meeting.]
There are several existing radiocommunications services [currently or envisioned to] be used by stations on-board suborbital vehicles. These services include, but may not necessarily be limited to:
[bookmark: _Hlk104470216]–	The aeronautical mobile (route) service, e.g., VHF voice and data communications and ADS-B, in accordance with ICAO SARPs.
–	AMS(R)S receive only: ADS-B, in accordance with ICAO SARPs.
–	RNSS: The GNSS systems using the frequency bands 1 164-1 215 MHz and 1 559-1 610 MHz can be used for navigation.
–	The mobile satellite service (MSS) in the frequency bands 1 518-1 544 & 1 545‑1 559 MHz (space-to-Earth), 1 610-1 626.5 MHz, and 1 626.5-1 645.5 & 1 646.5‑1 660.5 MHz (Earth-to-space), and 1 668-1 675 MHz (Earth-to-space) can be used for safety and non-safety applications.
–	Mobile service: TT&C applications in the aeronautical mobile service are provided using aeronautical mobile telemetry systems in the frequency band 2 200-2 290 MHz for telemetry, and the frequency band 2 025-2 110 MHz for command and the frequency band2 360‑2 395 MHz for telemetry. 
	According to Recommendation ITU-R RS.1260-2, launch vehicle range safety command destruct receivers operate in parts of the  frequency band 420‑450 MHz.
–	Radiolocation Service: The radiolocation service in the frequency band 5 450-5 850 MHz can be used for SOV tracking in safety and non-safety applications.
[A3.2	Application of existing mobile satellite service radio regulations
[Note: This section is beyond the mandate activities and scope of the ITU-R, in particular there is no clear answer if the WRC will proceed.  There are unfounded statements making them difficult to agree with.  This is a matter for the WRC.]
The operation of MSS systems providing aeronautical radiocommunications in the above-identified frequency bands are regulated under existing RR provisions. The application of MSS systems to support suborbital vehicles would require communications between the MSS satellite and the mobile Earth station (MES) at all stages of the flight, including when the MES is on the ground, in the atmosphere [and when briefly in space.] The existing RR Article 9 procedures are/would be adequate to capture any new coordination requirements in the operation of MESs onboard sub-orbital vehicles in the MSS bands that result with other MSS satellite systems and networks, and other space services operating in the MSS bands.
This approach would permit the existing frequency coordination procedures identified under Section II of RR Article 9 to remain applicable in the coordination and operation of MSS communications to sub‑orbital vehicles, during the intervals of time when a sub-orbital vehicle is in space.
For coordination and protection of terrestrial services, is noted that the operation of MESs on sub‑orbital vehicles in space would result in less interference to terrestrial services, relative to the comparable case of an MES operating on the Earth’s surface or within the Earth’s atmosphere on an aircraft. This reduction in the potential for interference at the Earth’s surface results from the increased separation of the MES to the Earth when operating in regions of space.
Similarly, no changes would be necessary for MSS satellite transmissions to support the operation of MESs on sub-orbital vehicles, since the required satellite transmissions powers, if anything, would be lower. When operating earth stations on sub-orbital vehicles, there would be a lower path-loss between the MES and associated MSS satellite, together with a reduction in the atmospheric impairment and multipath degradation.
The above factors would ensure the protection of terrestrial services is maintained in the use of MSS communications, and that the existing regulatory provisions and coordination requirements in the use of MSS communication in the 1.6/1.5 GHz frequency bands remain effective. Additionally, it is noted that RR Nos. 5.208B and 5.379C would continue to apply to MESs operating on sub-orbital vehicles, to maintain the protection of radioastronomy operating in the frequency bands 1 660.0-1 660.5 MHz and 1 668-1 670 MHz.
Since the definition of an MES requires it to be either on the Earth’s surface or within the major portion of the Earth’s atmosphere (see RR Nos. 1.25 and 1.63), it would be necessary to clarify the regulations to ensure that MESs may also be used on suborbital vehicles when beyond the Earth’s atmosphere.] 


[Annex 2]
Radiocommunication analysis for example of use cases in Europe
for sub-orbital vehicles
[Editor’s note: The table needs to be reformatted so that the text can be understood. Further discussion is needed regarding this information.  Trademarks must be removed, acronyms explained, etc. Concerns with this information being used is another concern. Should this and the previous Annex be merged into ITU-R M.2477?]
A to A type:
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[Editor’s note: to further consider previous example before extending to other use cases.]
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Each system is represented by 2 point (Velocity, Alt) at its operation highest embedded energy Ee’ (Cinetic and potential energies / Mass)
Making the best of Earth's very deep gravity well and thick atmosphere, only state-of-the-art high-performance systems are able to fly very high and fast.
The ICAO contracting States recognize that every State has complete and exclusive sovereignty over the airspace above its territory. (Chicago Conv., Art.1)
> Ininternational and customary law, there s an absence of delimitation between the sovereign airspace and outer space.
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Oc: enveloppe of Earth's circular orbits/ O: enveloppe of Earth's orbits (Ee> 32 MJ/kg) / T: telecommunication blackout due to re-entry ionisation & heating

Clv\\z\rcrzﬁ'* Other aerospace systems: I/ Space objects -~

—— —
0wM 4 60 80 wom

Ee = Embedded energy = (Ec+Ep) / M (Joule/kg, excl. any extra spare propellant for re-entry or LDG), Orbital Ee = 32 Mi/kg. / Po = 1 atm = 1043 P (se level)
AMSL: Altitude (Above Mean Sea Level) / BFR: Big Falcon Rocket o ‘Starship’ (SpaceX) / SBT: Subsonic Transport / ULA: Ultra Light Aircraft

FH: FalconHeavy central booster (FH-BS, Arabsat-6A, 11 April 2019, SpaceX), Landing on drone-ship at 1000km from KSC in 10min (av.V ~6000 km/h)

FXX: Falcon XX (Suborbital P2, Dassault Aviation)/ VSH: Véh. Suborbital Habité (Dassault Aviation)/ ICBM: Intercontinental Ballistic Missile (~ 7km/s)

GEO: Geostationnary Orbit (3,07km/s) / LEO: Low Earth Orbit (between 155km [7,8 km/s] and 2000km [6,9km/s]) / MEO: Medium Earth Orbit

HAPS: High Altitude Platforms, stratospheric aircraft (18 to ~30 km) — purpose: scientific, observation, telecommunications / LDG: landing

HST: Hypersonic transport / ISS: International Space Station / P2P: suborbital point-to-point transport (up to ‘near-orbital’ ~7,5km/sec)

SR71: hypersonic aircraft Lockheed ‘Blackbird’, 33m, 66t, record 25,9km at Mach 3,2 (27/7/1976), heating. 150°C (canopy) up to 560°C (nozzle)

5p: spacePlane (Airbus) / $52: SpaceshipTwo (Virgin Galactic) / SST: Supersonic Transport / STS: Space Transportation System.

SD: NASA Stardust capsule, fastest man-made object to re-enter Earth’s atmosphere 12,4 km/s at 135km altitude.

VoV Y
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USE CASE : A to A SUBORBITAL FLIGHT

Vertical Rocket « New Shepard » 

Suborbital

Conventional 

airspace

Karman line

Altitude

~ 20 km

~ 100 km

Range

Max Altitude slightly above 100 km

Velocity : 0 to Mach 3

kilometers

Hundreds of meters Hundreds of meters

Hundreds of m

Flight Frequency in Europe 

•

< 2025  : 0 / y

•

2025-2030 : 0 / y

•

> 2030  : 0-50 / y

Spaceport in Europe: 1-2

Items : 2

IT1 : Booster

IT2 : Capsule

70 km

Max Altitude slightly above 100 km

Velocity : 0 to Mach 3

Hundreds of meters

60-70 km

60-70 km

Propelled

Not propelled

Separation

~ 180 km

Sat

Space
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UC_ATOA_VR1

Pre-flight Lift-off + Ascent

Booster

Coasting

Booster

Descent & Landing 

Booster

Descent & Landing 

Capsule

Coasting & Descent  

Capsule

Coasting & Descent  

Capsule

Landing  

Post flight

(Ground)

(Conventional 

Airspace + Sub 

(below Karman))+ 

HA)

(Sub)

(Sub (below 

Karman) + 

Conventional 

Airspace) (HA + A)

(Conventional 

Airspace) (HA + A)

(SubHA + A) 

(Sub (below 

Karman) + 

Conventional 

Airspace HA + A) 

(Conventional 

Airspace)

(Ground)

Duration IT1,2: Hours to days IT1: Minutes (2-3’) IT1: Minutes (» 3’) IT1: Minutes (< 2’) IT1: Minutes (< 1’) IT2: Minutes ( 3’) IT2: Minutes ( 2’) IT2: Minutes (» 2’) Hours to days

Motion type N/A

IT1: Rocket Propelled 

IT2: Carried by IT1 

IT1: Coasting and free fallIT1: Free fall

IT1: rocket propelled for 

landing

IT2: Separation 

impulsion at separation 

then coasting

IT2: free fall

IT2: Glide under 

parachute

N/A

ManeuverabilityN/A

IT1: Automated Flight 

(TVC)

IT1: Automated Flight 

(RCS)

IT1: Automated Flight

(aerod. control+TVC for 

landing)

IT1: Automated Flight

(aerod. control+TVC for 

landing)

IT2: Automated Flight 

(RCS)

IT2: Automated Flight 

(RCS)

IT2: Automated flight 

(uncontrolled, aerodyne. 

stable)

N/A

Fly over area N/A

IT1: Small area around 

spaceport (protected 

zone), radius of km

IT2: Small area around 

spaceport (protected 

zone), radius of 10s km

N/A

Vehicle & Operator capabilities 
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Separation 

accuracy

N/A

(Time or) Airspace 

segregation

N/A

Operator controlFlight/Mission Plan Lift-off order None None None None None None

Reporting, flight 

worthiness status

Contingency 

control

N/A Abort option for IT2 None None None None None None N/A

Airspace & HA Traffic
Management

Traffic Control N/A Trajectory monitoring N/A

FP acceptance, 

NOTAM filling

Alert N/A N/A

Aeronauitcal communications

VHF Required Required No No No Optional Required Required Required

SATCOM Required Required Required Required Required Required Required Required Required

Aeronautical radiocommunication

Navigation

DME/DME Not required Not required Not required Not required Not required Not required Not required Not required Not required

GNSS Required Required Required Required Required Required Required Required Required

Surveillance

ADS-B 1090ES Required Required if available Required Required Required Required Required Required

Radars Required Required If available If available If available If available If available Required Required

Space operation

TT&C Required Optional Optional Optional Optional Optional Optional Optional Optional

Non aeronautical communications

Mobile

470 MHz 

(example)

Required Required No No No No No No No

Radars

Primary If available If available If available If available If available If available If available If available If available

N/A

None

Air Traffic Regulation

Capsule location for Crew recovery

Other F.S.

Information None
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