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1. Introduction
In the RAN4 meeting #105, the discussion of band definition for NTN above 10 GHz was conducted. Following the WF in [1] about NTN UE and [2] about NTN SAN, and the chairman notes in [3], it was concluded that a clarification on NTN user terminals is required, considering the different implementations already in place for broadband satellite communications.
2. Discussion
2.1 Context
Satellite connectivity for high-throughput broadband services requires the usage of high bandwidth channels and therefore high-frequency bands, typically around 12-40 GHz in the known as bands known as Ku-Ka.
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Figure 1 Satellite frequency bands [4]

Due to the power-to-frequency relationship, high-frequency bands need to deal with restrictive power link budgets requiring the emission of high-power transmissions for allowing the signal to be propagated along hundreds or thousands of kilometers. As a reference, the transmission of a Ka band connection from the earth surface towards a Geostationary Orbit (GSO) satellite will experiment a reduction of 210dB[footnoteRef:1] of power only because of open space propagation losses (plus other factors like atmospherics). [1: Estimation @18.8Ghz between earth station located in Madrid and a GEO satellite in position 30º West] 

Considering the strong power requirements in the transmission of high-frequency long range connections, the usage of directive antennas is mandatory to ensure the delivery of the required signal power. In comparison with omnidirectional antennas, directional antennas only send and receive radio signals from one direction. These antennas utilize different methods to concentrate the transmission power in a thin beam, able to reach the far targets (satellite) in the space with a suitable signal level and quality. Due to its nature, terminals employed in broadband high-frequency satellite communications are therefore commonly known as VSAT or Very Small Aperture Terminals.
2.2 Implementation technology
VSAT is a technical term that refers to every user terminal usually employed in FSS. Although all the antenna systems employed in high-frequency bands satellite communication are considered as VSAT, manufacturers employ many different technologies in the implementation of these antennas.
2.2.1 Passive parabolic antennas
Directive antennas are traditionally based on parabolic dishes, which employ a passive parabolic reflector to concentrate the gain of the signal power in a thin aperture beam focusing on a specific target. As reference, those types of antennas are those traditionally used for satellite television broadcasting.
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Figure 2 Passive satellite parabolic antenna
These passive directive antennas require a precise manual or mechanical pointing of the complete element towards the target satellite, depending on the relative location of the antenna and the position of the satellite.
2.2.2 Mechanical pointing parabolic antennas
When considering the usage of passive parabolic antennas in moving earth platforms or when connecting to Non-Geostationary Orbit (NGSO) satellites, which don’t have a fixed relative position with the earth surface, these antennas require a continuous pointing mechanical mechanism that ensure the precise orientation of the beam towards the satellite. For example, the antennas usually installed in boats and ships utilize this kind of technology.
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Figure 3 Mechanical Pointing Parabolic Antenna
2.2.3 Flat panel antennas
For those use cases where a parabolic dish may not be suitable to be integrated, smaller, compact and more discreet antennas may be required. While parabolic antennas use the signal reflector effect of the physical parabolic dish, flat panel antennas employ different mechanisms to virtually create directive beams like using active or passive electronic elements to shape or conform the signal. 
One of the most common flat panel antennas are build using phased array technology, which uses multiple individual transmission active elements along the surface, controlled separately, to create the beam based on the different phase applied to the signal of each element. Another type of flat panel antenna is made using meta-materials, whose passive and tunable elements are activated alternatively to scatter the radio frequency energy for generating a holographic beam.
The evolution of flat antenna technologies ensures nowadays that their performance characteristics in terms of EIRP (Effective Isotropic Radiated Power) and TRP (Total Radiated Power) are similar to their counterpart in parabolic implementation.
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Figure 4 Flat panel antenna
2.2.4 Electronic Steered Antennas
Flat panel antennas allow to create directive beams based on electronic controlled mechanisms. This creates multiple advantages, mainly the ability to electronically steer the beam and even being able to create multiple beams from the same surface.
Electronic Steered Antennas or ESA employ the different flat panel technologies to dynamically steer the signal beam in the required direction, being the perfect solution for those use cases where the target (satellite) or the source (user antenna) are in motion. That also helps in the pointing of the antenna, coming from a manual mechanic operation towards a complete compute controlled optimal steering.
The usage of these antennas is getting more and more common when connecting to NGSO moving satellites and also in those applications where the antenna is not in a static location, like in trains, planes, vehicles… 
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Figure 5 ESA antenna in a vehicle
One disadvantage of the ESA systems is that typically the power gain of the antenna is not homogeneous in all the directions, being maximum in the perpendicular direction of the surface. For this reason, some solutions use hybrid flat electronic panels and mechanic steering mechanisms to create high performance steerable antennas.
3. Regulatory context
3.1 Mobile Satellite Services Definition
According to ITU article 1.25 or the Radio Regulations [5], the Mobile Satellite Service is defined as:
“A radiocommunication service between mobile earth stations and one or more space stations, or between space stations used by this service; or between mobile earth stations by means of one or more space stations. This service may also include feeder links necessary for its operation.”
Note: Earth station refers to any terminal that connects to a satellite.
3.2 Fixed Satellite Services Definition
According to ITU article 1.21 or the Radio Regulations [6], the Fixed Satellite Service is defined as:
“A radiocommunication service between earth stations at given positions, when one or more satellites are used; the given position may be a specified fixed point or any fixed point within specified areas; in some cases this service includes satellite-to-satellite links, which may also be operated in the inter-satellite service; the fixed-satellite service may also include feeder links for other space radiocommunication services.”
Note: VSAT is a technical term that refers to every user terminal usually employed in FSS
3.3 ESIM service Definition
ESIM or Earth Station In Motion are defined as satellite user terminals operating with Fixed Satellite Service (FSS) networks using some of the frequency bands allocated to FSS, with small directional antennas, that provide broadband communication services.
In Reports ITU-R S. 2223 (2011) and Report ITU-R S.2261 (2012), three types of FSS Earth Stations on mobile platforms are envisioned: ship mobile platform (maritime ESIM), aircraft mobile platform (aeronautical ESIM), and land mobile platform (land ESIM). A natural consequence of operating fixed-satellite service (FSS) earth stations (ES) on mobile platforms is the circulation of these stations within other countries, which should require appropriate administrative and procedural arrangements.
The World Radiocommunication Conference 2015 (WRC-15) in its Resolutions 156 considered that there is a need for global broadband mobile-satellite communications, and that some of this need could be met by allowing earth stations in motion (ESIMs) to communicate with space stations of the geostationary-satellite orbit (GSO) FSS operating in the frequency bands 19.7-20.2 GHz and 29.5-30 GHz.
Furthermore, WRC-19 in its Resolution 169 extended that vision to the remaining of the so called FSS Ka band, i.e. 17.7-19.7 (space-to-Earth) and 27.5-29.5 GHz (Earth-to-space). Resolution 169 also recognizes that in these bands the GSO FSS shares the bands with other terrestrial and space services and a variety of different systems, and these existing services and their future development need to be protected without the imposition of undue constraints from the operation of ESIMs.
Some regional organizations had already addressed the operations of ESIMs, for example, in Europe the Electronic and Communication Committee (ECC) in its Decision (15)04 stablished technical and operational parameters for Land and Maritime Earth Station On Mobile Platforms (ESOMPs) which operate with the FSS non-GSO satellite systems in the frequency bands 17.3-20.2 GHz (space-to-Earth) and 27.5-29.1 GHz and 29.5-30 GHz (Earth-to-space). Additionally, three ECC Decisions were adopted following WRC-03 to allow for the free circulation of Aircraft Earth Stations (AESs) and Earth Stations on Vessels (ESVs). The Decisions are ECC/DEC/(05)09 and ECC/DEC/(05)10 for ESVs operating in the C- and Ku-bands respectively. Also ECC/DEC/(05)11 was adopted for Aircraft Earth Stations (AESs) operating in the Ku-band.
In respect to their operating requirements, both the ECC and FCC identify clear and similar requirements to allow free operation of ESIMs/ESOMPs, the compliance to which would make them functionally equivalent to fixed Earth Station, for example:
· From ECC Decision (13)01: “ESOMPs shall be self-monitoring and should a fault which can cause harmful interference to FSS or terrestrial networks be detected, the ESOMP must automatically cease its transmissions;”
· and - ““Closed-loop tracking” and an automatic capability of muting transmission if mis-pointing towards the intended space station occurs or is about to happen, can ensure that ESOMPs do not represent more risk than typical uncoordinated FSS earth stations, which are often deployed without satellite-tracking capabilities.”
· From FCC Title 47 CFR § 25.228: “Each FSS ESIM must be self-monitoring and, should a condition occur that would cause the ESIMs to exceed its authorized off-axis EIRP density limits in the case of GSO FSS ESIMs or any emission limits included in the licensing conditions in the case of NGSO FSS ESIMs, the ESIM must automatically cease transmissions within 100 milliseconds, and not resume transmissions until the condition that caused the ESIM to exceed those limits is corrected.” 
· and – “Each FSS ESIM must be monitored and controlled by a network control and monitoring center (NCMC) or equivalent facility. Each ESIM must comply with a “disable transmission” command from the NCMC within 100 milliseconds of receiving the command. In addition, the NCMC must monitor the operation of each ESIM in its network, and transmit a “disable transmission” command to any ESIM that operates in such a way as to exceed the authorized off-axis EIRP density limit for GSO FSS ESIMs or any emission limits included in the licensing conditions in the case of NGSO FSS ESIMs. The NCMC must not allow the ESIM(s) under its control to resume transmissions until the condition that caused the ESIM(s) to exceed the authorized EIRP density limits is corrected.”
World Radiocommunication Conference 23 (WRC-23) includes several Agenda Items (AI)  focused on the used of ESIMs in the FSS communicating with GSO (AI 1.15) and NSGO satellites (AI 1.16). 

4. Conclusion
In this contribution, we provide the background of user terminal in satellite broadband communications. The different regulatory denomination and the implementation types are summarized in Table 1. 
	Generic definition
	VSAT
	Very Small Aperture Terminal, refers to any directive antenna used in high-frequency satellite broadband communications.

	ITU Regulated service specification
	FSS
	Fixed Satellite Services, usually referred to broadband services in high-frequency bands.

	
	MSS
	Mobile Satellite Services, usually referred to direct to handheld communications in low-frequency bands.

	
	ESIM
	Earth Station In Motion, service regulated as part of FSS that allows to operate with moving terminals under certain conditions.
	· Land
· Maritime
· Aeronautical

	VSAT Technical implementation
	Parabolic Antenna
	Passive directive antenna based on a parabolic reflector.
	· Fixed terminals.
· Movable terminals. *
· GSO satellites.
· NGSO satellites. *
* Only for mechanical pointing terminals

	
	ESA
	Electronic Steered Antenna, active directive flat antenna with electronic dynamic steering.
	· Fixed and moving terminals.
· GSO and NGSO satellites.


[bookmark: _Ref127195170][bookmark: _Ref127195161]Table 1 Summary
Following observations are considered as conclusion of the previous study:

Observation 1: Parabolic antennas and phased arrays can be used, and are currently used, to connect to both GEO and NGSO satellites.
Observation 2: Moving terminals can be implemented by both parabolic antennas (with mechanic pointing) and phased arrays/electronic steered antennas.
Observation 3: Parabolic and phased array/ESA antennas share similar characteristics in terms of RF performance (EIRP and TRP). VSAT antenna characteristics can be considered independent of the implementation technology.
Observation 4: Broadband services in high-frequency satellite bands usually operate under the FSS regulation specification.
Observation 5: Technical implementation of the antenna terminals and the regulated service under which they operate do not have a direct relationship or imply any limitation, only in the operating conditions.
Proposal 1: The term "VSAT" should be used in 3GPP RAN4 to refer to all terminal types with a directive antenna used in high-frequency satellite broadband communications.
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