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Abstract of the contribution: This contribution proposes a sub-clause on satellite system characteristics to be included in TR FS_5GSAT_ARCH.
1.  Proposal
This contribution proposes for a sub-clause on the characteristics of satellite systems for TR FS_5GSAT_ARCH.
* * * Start of changes * * * *
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4.1	Main characteristics of satellite components
4.1.1. Class of orbit
On the one hand, our planet attracts as a main body the much smaller satellite, which motion is dictated as a consequence by the laws of Kepler. On the other hand, the environment of Earth can be also constraining: the higher density of the atmosphere, debris from launchers and former satellites in the lower altitudes, as well as higher energy particles trapped in the Van Allen belts between 2000 and 8000 km’s altitudes are to be avoided. These two constraints contribute to defining several classes of orbits that are used for communication satellites:
· GEOstationary- (GEO) satellites, located precisely in the plane of the Equator at an altitude of 35 786 km, these satellites rotate at the same rate as the Earth’s rotation: a GEO satellite stands still with respect to Earth. Thanks to this property, a single GEO satellite is sufficient to create a continuous coverage.
· Non-Geostationary Orbiting (NGSO) satellites: NGSO satellites do not stand still with respect to Earth. Should service continuity be required over time, a number of satellites (a constellation) is required to meet this requirement; the lower the altitude the higher the number of satellites
Different classes of NGSO satellites are listed below:
-	Low-Earth Orbiting (LEO) satellites, with altitude ranging 500 km and 2000 km, and with inclination angle of the orbital plane ranging from 0 to more than 90 degrees. These constellations are placed above the International Space Station and debris, and below the first Van Allen belt.
-	Medium-Earth Orbiting (MEO) satellites, with altitude ranging from 8000 to 20,000 km. The inclination angle of the orbital plane ranges from 0 to more than 90 degrees. These constellations are placed above the Van Allen belts.
- 	Highly-Eccentric Orbiting (HEO) satellites, with a range of operational altitudes (the orbit of such satellites being designed for the spacecraft to be exploited when the vehicle is closer to its apogee – the higher part of the orbit -) between 7,000 km and more than 45,000 km. The inclination angle is selected so as to compensate, completely or partially, the relative motion of Earth with respect to the orbital plane, allowing the satellite to cover successively different parts of Northern land masses (e.g. Western Europe, North America, and Northern Asia).
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Figure 1: Illustration of the classes of orbits of satellites
[bookmark: _Toc515873946]4.1.2	Geometrical coverage of satellite and propagation delay
As depicted in the following figure, the theoretical geometrical coverage of a satellite is associated to its altitude and the minimum elevation angle under which the satellite is seen by the UE above the horizon.
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Figure 2: Illustration of the geometrical coverage of a satellite
The following figure illustrates the geometrical coverage for a LEO satellite and for geostationary-satellites:
[image: ]
Figure 3: Illustration of the geometrical coverage of a LEO satellite and of GEO satellites
The following tables provide elevation, distance and geometrical coverage related figures for different classes of satellites:
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Figure 4: Geometrical coverage radius, propagation distance and delay for different orbits
Nota: the above figure provides only examples, some designers may decide to select lower altitudes as this contribute lowering  the propagation delay.
The following table illustrates the number of satellites that are necessary for a constellation of satellites to provide continuous coverage for an elevation angle ranging from 5 to 10 degrees. Global coverage may not be fully achieved for MEO or GEO satellite, however in this case the vast majority of the world population is covered.
[image: ]
Figure 5: Illustration of number satellites in a constellation for continuous Earth coverage 

4.1.3	Type of satellite communication payloads
Communication payloads embarked on-board a satellite are of two main categories, for any type of satellite (whether GEO or NGSO):
· Transparent payloads: the electromagnetic wave that are transmitted from Earth surface are converted by a satellite receive antenna into an electric signal which is channel filtered and amplified by low-noise amplifier (LNA). The signal is then frequency converted. A high power amplifier (HPA) delivers finally the signal to a transmitting antenna generating a re conditioned electromagnetic wave towards the Earth surface where receive station are located.
· Regenerative payloads: an On-Board Processor (OBP), is inserted between the LNA and the HPA. This OBP allows to convert the air interface between the uplink (from Earth to satellite) and the down link (from satellite to Earth). It allows to correct bits or packet in errors before retransmitting them, or to route packet between beams. Ultimately any network function can be implemented, as the expense of power and mass, thanks to an OBP (including gNB CU’s or DU’s, or a any function attached to a CN). 
· Inter-Satellite  Links (ISL): can also interconnect regenerative satellite payloads. Through ISL’s satellites can be interconnected through a dedicated mesh-network.

4.1.5     Handovers
While a UE would stand still, hand overs from one satellite to another satellite could be imposed by the motion of NGSO satellite in a constellation, whilst GEO would stand still with respect to Earth.
The average rate of hand over for a single UE would depend on the actual altitude of spacecrafts in a constellations. Typical values for LEO are in the order of 10 minutes. 
Not all UE’s would be handed over simultaneously.

4.1.6     Air interfaces
Air interfaces can include:
· 3GPP defined air interfaces, such as the New Radio;
· Non-3GPP defined air interfaces 

4.1.7 	General considerations on the use of satellite components
In relation to the coverage associate with Non-Geostationary Satellite Networks, or Geostationary-Satellite ones, the use of satellite networks is related to:
· The complement of terrestrial networks where these terrestrial networks are not available, permanently for physically (maritime or aeronautical constraints) or economic reasons, or for temporary reasons associated to local a unavailability of a terrestrial of network (drought, Earth quake) or local overload of the demand;
· Satellite networks can be used for broadcast over large areas of a same content, for multicast (with acknowledge of delivery of content), for unicast;
· Use cases are related to the actual of altitude of the satellite platforms and the associated delay of propagation.
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