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Introduction
During prior RAN4 meetings and in particular RAN4#104-bis-e, there were some misunderstandings and clarifications required on the regulatory background for operation of satellite services in Ka band, as well as confusion in respect to the FSS and MSS denominations in the Ka band spectrum.
This TDoc aims at providing some of the regulatory background, clarification and guidance to address the definition of bands and RF Core specifications for NTN operation in Ka band, which in turn could serve as a framework for future definition of additional bands, as well as clarifying the distinction between FSS and MSS, and which of these ranges should be prioritized for NTN Ka band in Release 18, specifically to address the scope of this WI.  This document does not try to be an extensive survey of the regulatory background, but can hopefully provide some useful input.
The proposal of specific NTN bands to address harmonized Ka band is covered in a separate TDoc.
Discussion
ITU-R and WRC
When satellite operators refer to “Harmonized Ka-band”, we typically refer to the Ka-band range that has been defined for FSS operations, which include both fixed Earth Stations and Earth Stations in Motion – ESIMs. 
Earth Stations is the term used in regulatory to identify satellite terminals with a high gain antenna, ranging from gateways to Very Small Aperture Terminals (VSAT).  Other terms are also adopted in certain cases, depending on historical precedent or context.
Earth Stations in Motions are Earth Stations that are able to move, typically mounted on a moving platform such as a vehicle, a ship or an aircraft.  In fact, the historical term of ESIMs was Earth Stations On Moving Platforms (ESOMP), and this term is still used by some regulatory bodies, such as CEPT (ECC).  For practical purposes, the terms ESIM and ESOMP can be considered equivalent, but we will adopt the term ESIM throughout the discussion, as it is more commonly used.
Observation 1: An ESIM or ESOMP can also be informally referred to as a “mobile VSAT” in the FSS spectrum, which is a term that has better applicability from a technical standpoint, because ESIMs and fixed Earth Stations exhibit the same technical characteristics, such as on-/off-axis emission requirements, antenna pointing accuracy requirements and monitoring. 
Observation 2: According to the ITU-R, ESIMs operate in the FSS spectrum, owing to their common characteristics with fixed Earth Stations.
For the identification of the “harmonized Ka band” FSS spectrum applicable to ESIMs in particular, the following two WRC-15 and WRC-19 resolutions can be referred to:
- RESOLUTION 156 (WRC-15) – Establishes use of 19.7-20.2 GHz and 29.5-30.0 GHz by earth stations in motion communicating with GSO
- RESOLUTION 169 (WRC-19) – Establishes use of 17.7-19.7 GHz and 27.5-29.5 GHz by earth stations in motion communicating with GSO
Observation 3: WRC-15 RESOLUTION 156 and WRC-19 RESOLUTION 169 have established the framework for “harmonized Ka band” FSS spectrum applicable to ESIMs in GSO, jointly encompassing 17.7-20.2 GHz DL (space-to-Earth) and 27.5-30.0 GHz UL (Earth-to-space)
Further to those resolutions, WRC-23 has in its agenda the discussion of harmonized ranges for NGSO ESIMs as well.  However, at present, NGSO ESIMs are considered out of scope of this WI, hence any information is included purely for reference and completeness. 
NGSO FSS fixed Earth Stations, on the other hand, are considered in-scope for this WID.
Proposal 1: When considering NTN band definitions for Ka band, RAN4 should prioritize the “harmonized Ka band” range defined by WRC-15 RESOLUTION 156 and WRC-19 RESOLUTION 169.
FCC Regulation
The FCC defines the Ka-band range as well, with two definitions that combined cover virtually the entire harmonized Ka-band range.
FCC Title 47 - CFR § 25.103 defines “Conventional Ka-band”:
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Furthermore, with FCC Notice FCC-20-158, the FCC introduces the remainder of the Ka-band range and extends the blanket licensing as follows:
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Observation 4: when considering the FCC definition of “Conventional Ka band” and “Extended Ka band”, the UL (Earth-to-space) range recognized by the FCC for FSS, particularly GSO FSS, effectively fully includes the whole harmonized Ka band UL range of 27.5-30.0 GHz.  As the recognized band segments of 27.5-28.35 GHz, 28.35-28.6 GHz, 28.6-29.1 GHz and 29.25-30.0 GHz
The rulemakings above are further consolidated in the FCC document named “FCC FACT SHEET* 17 GHz GSO FSS R&O/NGSO NPRM”.
It must be noted that the 19.4-19.6 GHz space-to-earth sub-segment is outside of the blanket licensing due to its use for feeder links of sub-6 GHz MSS services (e.g. Iridium), and therefore is subject to coordination.
Specific to the 27.5-28.35 GHz range, the FCC establishes rules of operation for Earth Stations in FCC Title 47 CFR § 25.136:
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But nonetheless authorizes their operation, albeit with specific limits, and further, FCC Title 47, CFR § 25.202 recognizes:
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Specific to ESIMs in the 27.5-28.35 range and adjacent range starting with 28.35 GHz, FCC report and order FCC-20-159 expresses:
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For the shared range of 27.5-28.35 GHz, the FCC does not prevent Earth Station deployment, but regulates their operations:
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Observation 5: the FCC does in fact not prevent satellite operation in the 27.5-28.35 GHz range, it just regulates it.
The FCC further defines the 17.3-17.7 GHz space-to-Earth range available to satellite FSS, as part of the “extended Ka band”.  This range will likely be of interest for satellite operators, but we consider it with a lower priority compared to the “harmonized Ka band” defined above by WRC, which the 17.3-17.7 GHz range falls outside of.
Proposal 2: When considering the NTN FSS Ka band range applicable for the US/FCC market, RAN4 should consider FCC’s definitions of “Conventional Ka band” and “Extended Ka band”, and the 27.5-28.35 GHz should not be excluded
Observation 6: The Ka band FSS space-to-Earth range of 17.3-17.7 GHz could be considered as a future additional NTN band for Ka band

Europe (ECC) and CEPT
The European regulatory body (CEPT) has already sanctioned the operation of ESOMPs, also known as ESIMs.
Two main documents can be referred to in respect to European regulations for ESIMs/ESOMPs:
	ECC Decision (13)01
	The harmonised use, free circulation and exemption from individual licensing of Earth Stations On Mobile Platforms (ESOMPs) within the frequency bands 17.3-20.2 GHz and 27.5-30.0 GHz
	This decision is limited to ESOMPs in GSO, and introduces additional provisos, including PFD restrictions on a case by case basis.

	ECC Decision (15)04
	The harmonised use, free circulation and exemption from individual licensing of Land, Maritime and Aeronautical Earth Stations On Mobile Platforms (ESOMPs) operating with NGSO FSS satellite systems in the frequency ranges 17.3-20.2 GHz, 27.5-29.1 GHz and 29.5-30.0 GHz
	This decision extends the framework to NGSO ESOMPs and further consolidates provisos for general operation of ESOMPs/ESIMs in Ka band.



Observation 7: The ECC provides a harmonized framework for ESIMs/ESOMPs in Ka band, including the full WRC harmonized Ka band range 17.7-20.2 GHz (DL) and 27.5-30 GHz (UL), plus an additional extension of the DL range including the 17.3-17.7 GHz (DL) range.
ECC also provides, in ECC Decision (13)01, a definition for ESOMPs/ESIMs that is quite useful and aligns with the ITU-R and WRC definitions:
“ESOMPs operate in Fixed-Satellite Service (FSS) networks and are terminals with small directional antennas for the provision of broadband communication services. The terminals may be mounted on aircraft, ships or land vehicles or may be transportable devices used in motion or at temporary halts. ESOMPs on aircraft and ships may operate in national airspace and waters, or may also operate in international airspace and international waters.”
Observation 8:  The ECC identifies the ability of ESOMPs (aka ESIMs) to operate in the same way as fixed FSS earth stations, and thus to coexist with both other FSS systems, as well as terrestrial systems.
“Studies carried out by the ITU-R (see Report ITU-R S. 2223 [1]) and the CEPT (see ECC Report 217 [2]) have recognised the risk of interference arising from ESOMPs to be no different to that from typical uncoordinated FSS earth stations in parts of the Ka-band identified for uncoordinated FSS operations. This is primarily because of the advanced technology deployed for ESOMPs ensures that all technical criteria set for typical earth stations are also met by ESOMPs. Such technical criteria include, amongst other things, measures to avoid mis-pointing of the terminal antenna. Advanced technology deployed with ESOMPs ensures that stabilised earth station antenna maintains a high degree of pointing accuracy even on rapidly moving platforms, and “closed-loop tracking” and an automatic capability of muting transmission to ensure that transmissions away from the intended space station do not occur. The regulatory framework adopted in these bands to accommodate ESOMPs ensures that it does not prejudice the use of these bands by other FSS (including GSO ESOMPs) and terrestrial applications operating in conformance with other relevant ECC Decisions and the relevant provisions of the Radio Regulations.”
Proposal 3:  When considering future additional NTN band definitions, a DL NTN band definition encompassing the full DL (space-to-Earth) range defined by ECC/CEPT 17.3-20.2 GHz could be additionally  considered
Proposal 4:  On/off-axis emission requirements, pointing accuracy requirements, transmission on/off capability and “closed-loop tracking” of beam pointing should be considered when defining the framework for operation of fixed and moving NTN terminals with VSAT characteristics.
Proposal 5:  Given that fixed and moving earth stations are considered equivalent from a technical regulatory compliance requirement standpoint by regulators, RAN4 should consider a single common technical framework for both fixed and moving VSAT NTN UEs, considering that fixed NTN VSAT UE can be considered a specific deployment scenario of a general NTN VSAT UE.
Proposal 6: Additional case-by-case requirements that are dependent on the scenario could be addressed through Network Signalling (NS)
Reference ETSI EN Specs

We would further like to bring to RAN4 attention that in the satellite communications, ETSI EN specifications are currently used as the “gold standard” reference for the implementation and conformance of Satellite Earth Stations, both fixed and in motion.  Despite them being defined by ETSI, which primarily addresses the European markets, these specs are often accepted by many other regional and country regulator bodies.
The following specs are of particular relevance for this WI, as they address key requirements in respect to satellite Earth stations, both fixed and in-motion, operating in the Ka-band FSS range:
	Spec Number and Version
	Title
	Comment

	ETSI EN 301 459 V2.1.1 (2016-05)
	Satellite Earth Stations and Systems (SES); Harmonised Standard for Satellite Interactive Terminals (SIT) and Satellite User Terminals (SUT) transmitting towards satellites in geostationary orbit, operating in the 29,5 GHz to 30,0 GHz frequency bands covering the essential requirements of article 3.2 of the Directive 2014/53/EU
	Addresses fixed Earth stations in GSO with UL range 29.5-30.0 GHz

	ETSI EN 301 360 V2.1.1 (2016-06)
	Satellite Earth Stations and Systems (SES); Harmonised Standard for Satellite Interactive Terminals (SIT) and Satellite User Terminals (SUT) transmitting towards satellites in geostationary orbit, operating in the 27,5 GHz to 29,5 GHz frequency bands covering the essential requirements of article 3.2 of the Directive 2014/53/EU
	Addresses fixed Earth stations in GSO with UL range 27.5-29.5 GHz

	ETSI EN 303 699 V1.1.1 (2021-02)
	Satellite Earth Stations and Systems (SES); Fixed earth stations communicating with non-geostationary satellite systems in the 20 GHz and 30 GHz FSS bands; Harmonised Standard for access to radio spectrum
	Addresses fixed Earth stations in NGSO in the harmonized Ka band

	ETSI EN 303 978 V2.1.2 (2016-10)
	Satellite Earth Stations and Systems (SES); Harmonised Standard for Earth Stations on Mobile Platforms (ESOMP) transmitting towards satellites in geostationary orbit, operating in the 27,5 GHz to 30,0 GHz frequency bands covering the essential requirements of article 3.2 of the Directive 2014/53/EU
	Addresses ESIMs in GSO with UL range 27.5-30.0 GHz

	ETSI EN 303 979 V2.1.2 (2016-10)
	Satellite Earth Stations and Systems (SES); Harmonised Standard for Earth Stations on Mobile Platforms (ESOMP) transmitting towards satellites in non-geostationary orbit, operating in the 27,5 GHz to 29,1 GHz and 29,5 GHz to 30,0 GHz frequency bands covering the essential requirements of article 3.2 of the Directive 2014/53/EU
	Addresses ESIMs in NGSO with UL range 27.5-29.1 and 29.5-30.0 GHz



Proposal 7:  The following relevant ETSI EN specifications applicable to GSO and NGSO Earth Stations should be taken as references for the identification of requirements for operation of NTN terminals with VSAT characteristics in Ka band: ETSI EN 301 459, ETSI EN 301 360, ETSI EN 303 699, ETSI EN 303 978, ETSI EN 303 979.
Lastly, it should be noted that the majority of regulatory frameworks and technical specifications around satellite Earth stations, both fixed and in-motion, are generally designed to address also coexistence between different satellite systems, both of the same orbit (e.g. GSO-GSO, NGSO-NGSO), as well as different orbits (e.g. GSO-NGSO).  
The NTN-NTN coexistence both same orbit and across orbit is generally addressed by a mix of technical specification, such as the ETSI EN specs, via the requirements for pointing accuracy, on/off-axis emissions and closed-loop monitoring, and inter-operator cooperation (particularly for inter-orbit coexistence). However, at this stage we strongly recommend 3GPP RAN4 efforts to take the reference specifications and requirements into account for the general Core requirement framework, and focus on TN-NTN coexistence aspects only.  
Proposal 8: NTN-NTN co-channel coexistence in operation of NTN in Ka band should be considered out of scope of RAN4 activities, whilst acknowledging that technical requirements and reference specifications, such as ETSI EN, are designed to implicitly ensure coexistence, for example through requirements for pointing accuracy, on/off-axis emissions and closed-loop monitoring.

Conclusion
Observation 1: An ESIM or ESOMP can also be informally referred to as a “mobile VSAT” in the FSS spectrum, which is a term that has better applicability from a technical standpoint, because ESIMs and fixed Earth Stations exhibit the same technical characteristics, such as on-/off-axis emission requirements, antenna pointing accuracy requirements and monitoring. 
Observation 2: According to the ITU-R, ESIMs operate in the FSS spectrum, owing to their common characteristics with fixed Earth Stations.
Observation 3: WRC-15 RESOLUTION 156 and WRC-19 RESOLUTION 169 have established the framework for “harmonized Ka band” FSS spectrum applicable to ESIMs in GSO, jointly encompassing 17.7-20.2 GHz DL (space-to-Earth) and 27.5-30.0 GHz UL (Earth-to-space)
Observation 4: when considering the FCC definition of “Conventional Ka band” and “Extended Ka band”, the UL (Earth-to-space) range recognized by the FCC for FSS, particularly GSO FSS, effectively fully includes the whole harmonized Ka band UL range of 27.5-30.0 GHz.  As the recognized band segments of 27.5-28.35 GHz, 28.35-28.6 GHz, 28.6-29.1 GHz and 29.25-30.0 GHz
Observation 5: the FCC does in fact not prevent satellite operation in the 27.5-28.35 GHz range, it just regulates it.
Observation 6: The Ka band FSS space-to-Earth range of 17.3-17.7 GHz could be considered as a future additional NTN band for Ka band
Observation 7: The ECC provides a harmonized framework for ESIMs/ESOMPs in Ka band, including the full WRC harmonized Ka band range 17.7-20.2 GHz (DL) and 27.5-30 GHz (UL), plus an additional extension of the DL range including the 17.3-17.7 GHz (DL) range.
Observation 8:  The ECC identifies the ability of ESOMPs (aka ESIMs) to operate in the same way as fixed FSS earth stations, and thus to coexist with both other FSS systems, as well as terrestrial systems.

Proposal 1: When considering NTN band definitions for Ka band, RAN4 should prioritize the “harmonized Ka band” range defined by WRC-15 RESOLUTION 156 and WRC-19 RESOLUTION 169.
Proposal 2: When considering the NTN FSS Ka band range applicable for the US/FCC market, RAN4 should consider FCC’s definitions of “Conventional Ka band” and “Extended Ka band”, and the 27.5-28.35 GHz should not be excluded
Proposal 3: The Ka band FSS space-to-Earth range of 17.3-17.7 GHz could be considered as a future additional NTN band for Ka band, since it is sanctioned both by FCC and ECC/CEPT, but should be considered with lower priority compared to the “harmonized Ka band” range.
Proposal 4:  On/off-axis emission requirements, pointing accuracy requirements, transmission on/off capability and “closed-loop tracking” of beam pointing should be considered when defining the framework for operation of fixed and moving NTN terminals with VSAT characteristics.
Proposal 5:  Given that fixed and moving earth stations are considered equivalent from a technical regulatory compliance requirement standpoint by regulators, RAN4 should consider a single common technical framework for both fixed and moving VSAT NTN UEs, considering that fixed NTN VSAT UE can be considered a specific deployment scenario of a general NTN VSAT UE.
Proposal 6: Additional case-by-case requirements that are dependent on the scenario could be addressed through Network Signalling (NS)
Proposal 7:  The following relevant ETSI EN specifications applicable to GSO and NGSO Earth Stations should be taken as references for the identification of requirements for operation of NTN terminals with VSAT characteristics in Ka band: ETSI EN 301 459, ETSI EN 301 360, ETSI EN 303 699, ETSI EN 303 978, ETSI EN 303 979.
Proposal 8: NTN-NTN co-channel coexistence in operation of NTN in Ka band should be considered out of scope of RAN4 activities, whilst acknowledging that technical requirements and reference specifications, such as ETSI EN, are designed to implicitly ensure coexistence, for example through requirements for pointing accuracy, on/off-axis emissions and closed-loop monitoring.
Proposal 9:  When considering future additional NTN band definitions, a DL NTN band definition encompassing the full DL (space-to-Earth) range defined by ECC/CEPT 17.3-20.2 GHz could be additionally  considered as a single band instead of separate band segments
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Conventional Ka-band. The 18.3-18.8 GHz (space-to-Earth), 19.7-20.2 GHz (space-to-Earth), 28.35-28.6 GHz (Earth-to-space), and 29.25-
30.0 GHz (Earth-to-space) frequency bands, which the Commission has designated as primary for GSO FSS operation.
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62. Definition of Extended Ka-band. We propose to define the extended Ka-band in section
25.103 as 17.3-18.3 GHz (space-to-Earth), 18.8-19.4 GHz (space-to-Earth), 19.6-19.7 GHz (space-to-
Earth), 27.5-28.35 GHz (Earth-to-space) and 28.6-29.1 GHz, (Earth-to-space). These are frequency
bands that include either primary or secondary allocations to the GSO FSS, apart from the conventional
Ka-band'*® and those bands where FSS use is limited solely to MSS feeder links.'*” We seek comment on
this proposal.




image3.png
63. Routine License Application Processing Criteria for Extended Ka-band Earth Stations.
Our current rules contain no provisions to afford “routine” license application processing to earth stations
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seeking to operate in extended Ka-band frequencies.'** We propose to extend the routine license
application processing criteria for conventional Ka-band earth stations contained in section 25.218(i)!* to
extended Ka-band earth stations communicating with GSO space stations. We propose modifications to
sections 25.218(a) and (j) consistent with this approach.'® Routine license application processing criteria
with respect to off-axis EIRP density limits specified in the rules will expedite processing of earth station
applications for these bands and are consistent with our earlier decision to adopt such routine processing
limits for space station transmissions in the extended C- and Ku-bands.'®" We seek comment on this
proposal.'s?

64. In addition, section 25.212(e)'®* affords an alternative approach to routine license
application processing of FSS earth stations transmitting to GSO satellites in the conventional Ka-band
that permits such applicants to demonstrate compliance with off-axis gain and accompanying input power
density levels. Accordingly, we propose to extend this approach to earth station applicants seeking to
operate in the extended Ka-bands by modifying section 25.212(e) and (h)'** to permit such applicants to
similarly demonstrate compliance with the off-axis gain requirements in sections 25.209(a)-(b)'*
combined with an input power density limit of 3.5 dBW/MHz. We also propose modifications to section
25.209(a)-(b) to extend the Ka-band off-axis antenna gain requirements across the full 27.5-30 GHz band,
and to reference these alternative routine license application processing requirements in sections
25.115(g), (k), and 25.220(a).'®® We seek comment on these proposals.
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§ 25.136 Earth Stations in the 24.75-25.25 GHz, 27.5-28.35 GHz, 37.5-40 GHz, 47.2-48.2, GHz and 50.4-
51.4 GHz bands.

(a) FSS is secondary to the Upper Microwave Flexible Use Service in the 27.5-28.35 GHz band. Notwithstanding that secondary status, an
applicant for a license for a transmitting earth station in the 27.5-28.35 GHz band that meets one of the following criteria may be authorized
to operate without providing interference protection to stations in the Upper Microwave Flexible Use Service:

(1) The FSS licensee also holds the relevant Upper Microwave Flexible Use Service license(s) for the area in which the earth station
generates a power flux density (PFD), at 10 meters above ground level, of greater than or equal to —77.6 dBm/m 2/MHz;

(2) The FSS earth station was authorized prior to July 14, 2016; or
(3) The application for the FSS earth station was filed prior to July 14, 2016 and has been subsequently granted; or
(4) The applicant demonstrates compliance with all of the following criteria in its application:

(i) There are no more than two other authorized earth stations operating in the 27.5-28.35 GHz band within the county where the
proposed earth station is located that meet the criteria contained in either paragraph (a)(1), (2), (3), or (4) of this section. For purposes
of this requirement, multiple earth stations that are collocated with or at a location contiguous to each other shall be considered as one
earth station;

(ii) The area in which the earth station generates a PFD, at 10 meters above ground level, of greater than or equal to —77.6
dBm/m2/MHz, together with the similar area of any other earth station authorized pursuant to paragraph (a) of this section, does not
cover, in the aggregate, more than the amount of population of the UMFUS license area within which the earth station is located as noted
in table 1 to this paragraph (a)(4)(ii):
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§ 25.202 Frequencies, frequency tolerance, and emission limits.
(a)
(1) In addition to the frequency-use restrictions set forth in § 2.106 of this chapter, the following restrictions apply:

(i) In the 27.5-28.35 GHz band, the FSS (Earth-to-space) is secondary to the Upper Microwave Flexible Use Service authorized pursuant
to part 30 of this chapter, except for FSS operations associated with earth stations authorized pursuant to § 25.136.

(ii) Use of the 37.5-40 GHz band by the FSS (space-to-Earth) is limited to individually licensed earth stations. Earth stations in this band
must not be ubiquitously deployed and must not be used to serve individual consumers.

(iii) The U.S. non-Federal Table of Frequency Allocations, in § 2.106 of this chapter, is applicable between Commission space station
licensees relying on a U.S. ITU filing and transmitting to or receiving from anywhere on Earth, including airborne earth stations, in the
17.7-20.2 GHz or 27.5-30 GHz bands.
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18. After review of the information submitted in the record, we conclude that the
streamlining benefits of a unified authorization could apply to a variety of satellite and earth station
licensees, and that we need not limit its application initially to certain regulatory frameworks.
Accordingly, we will broadly make available a unified licensing option to all types of satellite and
blanket-licensed earth station operations in the frequency bands listed below, including ESIM operations
in these bands.** We will also permit non-U.S -licensed satellite operators to receive a single grant with
U.S. market access and blanket-licensed earth station operating authority. As proposed, the unified
license will be held by the satellite operator, including authority for the blanket-licensed earth stations.®
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FSS operations in these bands.* In addition, we will allow only blanket-licensed earth station operations
to be included in a unified license. Thus, unified licensing will not be available in any frequency band
shared with UMFUS. But in bands adjacent to UMFUS operations, FSS operations are authorized on a
blanket-licensed basis today without any coordination with UMFUS.¢” We reject any suggestion by
Verizon to revisit blanket FSS licensing in such bands. Similarly, we find no basis in the record to
exclude from eligibility ESIM operations in the 28.35-28.6 GHz band adjacent to the 27.5-28.35 GHz
band shared with UMFUS. The out-of-band emissions concerns raised by Verizon are currently being




image9.png
station certification O[Ition FSS operations under 10 GHz and op;r'ations subject to section 25.136. We
will include ESIM operations in the 28.35-28.6 GHz band because doing so will have no impact on the
applicable out-of-hand emissions limits that affect UMFUS operations in the adjacent 27.5-28 35 GHz

band.
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We believe that a re-coordination requirement for earth station licensees deploying in UMFUS bands is a
rcasonable tradcoff for the added flexibility longer build-out period provide these licensces. Nonctheless,
we note that earth station applicants in shared UMFUS bands will have several options. They may:

(1) construct and bring the earth station into operation within one year of licensing; (2) re-coordinate; or
(3) deploy the earth station on an unprotected basis.




