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Introduction
In the scope of Release 18, a new WI on NR NTN enhancements [1] has been approved by RAN. One of the objectives is to consider NR-NTN deployment in above 10 GHz bands. 
 
This paper is initiating first discussion on the regulatory aspects related to NR-NTN in this large spectrum. 
Discussion 
WI assumptions and objective 
The following assumptions has been extracted from the WI [1]:
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And the following objectives have been extracted from the WI [1]:

[image: ]

From the assumptions, we note that MEO and HEO have been listed as example of NGSO satellites while those type of satellites have not been considered neither for FR1, nor in the TR 38.821. To reduce the effort, as those types of satellites are only example in the WI, we would propose to not consider them, or at least de-prioritize any related work (e.g. coexistence simulations) to later consideration.
Proposal1: Prioritize GEO and LEO types of satellite, MEO and HEO might be considered in a second phase.
It should also be noted that ESIM operations with NGSO satellites should not be considered in this WI, which would make sense since ESIM operations in Ka-band are allowed by ITU-R with GSO satellite (WRC-19), while ESIM with NGSO satellite is for consideration under Agenda Item 1.16 at WRC-23.
Observation1: ESIM for NGSO in Ka band is not in the scope of this WI.
Then, the WI assumptions mention “fixed and mobile VSAT” as targeted UE types. 
If mobile VSAT (or ESIM) might probably be considered in the scope of this WI, fixed VSAT is more questionable and would need further clarification on the targeted scenarios. Indeed, 3GPP RAN4 specifies only bands for spectrum allocated to Mobile Service, not to Fixed Service. Based on this observation, only Mobile Space Service spectrum was considered for NTN FR1 (S-band and L-band) and not Fixed Satellite Service. Nevertheless, Fixed VSAT could still be considered for part of the spectrum allocated to Mobile satellite service, i.e. 19.7-20.2 GHz (Space-to-Earth) and 29.5-30.0 GHz (Earth-to-Space). 
Proposal2: Mobile VSAT and ESIM should be considered as one unique type of satellite device. 
Observation2: RAN4 specifies bands under the mobile allocation.
Observation3: ESIM can be deployed under Fixed Service Satellite allocation. However, these are defined as Stations “in motion” and thus might probably be considered similar to a mobile satellite device.
Proposal3: Scenarios considering operations with fixed VSAT type of UE should be clarified. Pending on such clarification, fixed VSAT type of device could only be considered in the spectrum allocated by ITU to Mobile satellite service (19.7-20.2 GHz and 29.5-30.0 GHz).
Note that the following analysis is based on the above proposals.
Types of ESIM
Three types of ESIM have been considered in ITU studies: 
· Aeronautical ESIM or A-ESIM.
· Maritime ESIM or M-ESIM.
· Land ESIM or L-ESIM.
NTN band
According to the WI, the Ka band should be used as reference.
The Ka-band is very large band, from 27.5 to 31.0 GHz in Earth-to-space direction and from 17.3 to 21.2 GHz in space-to-Earth direction. From this definition, according to our understanding, satellite companies proposed to consider the following restricted frequency range in RAN4: 17.7-20.2 GHz in space-to-Earth direction and 27.5-30.0 GHz in Earth-to-space direction.
Observation4: The following frequency range should be further studied in RAN4 to define a NTN reference band: 17.7-20.2 GHz in space-to-Earth direction and 27.5-30.0 GHz in Earth-to-space direction.
To perform such study, as suggested in the WI objectives, and as it was done for any band definition in the past, RAN4 should consider ITU-R, regional and national Regulations. 



ITU
From the Radio Regulations, ITU made the following spectrum allocation:
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Considering only satellite type of allocation, we make the following observation: 
Observation5: The proposed Ka-band frequency range is allocated to:
· Fixed Satellite in 17.7-21.2 GHz and in 27.5-30.0 GHz.
· Mobile Satellite in 19.7-21.2 GHz and in 29.5-30.0 GHz (primary or secondary allocation).
With the same rationale taken for NTN FR1 bands definition, spectrum allocated to Mobile Satellite Service by ITU-R would be a good candidate when specifying new NTN band. We would make the following proposal: 
Proposal4: The spectrum allocated by ITU to MSS, i.e. 19.7-20.2 GHz (space-to-Earth) and 29.5-30.0 GHz (Earth-to-space), could be considered as a starting point for further discussion related to the definition of the NTN Ka-band. 
In addition:
· WRC-15 authorized ESIM operations in 19.7-20.2 GHz (space-to-Earth) and 29.5-30.0 GHz (Earth-to-space) under certain conditions, and for GSO systems only.
· WRC-19 authorized ESIM operations in 17.7‑19.7 GHz (space-to-Earth) and 27.5-29.5 GHz (Earth-to-space) under certain conditions, and for GSO systems only.
Observation6: ITU authorized ESIM operations in 17.7-20.2 GHz (space-to-Earth) and 27.5-30.0 GHz (Earth-to-space) under certain conditions, and for GSO systems only.

North America
USA
In 2016, FCC issued Report and Order FCC 16-89 [2] allocating the 27.50-28.35 GHz frequency range for terrestrial licensed mobile operations (IMT 5G). This frequency range corresponds to the 3GPP band n261.
Observation7: FCC has allocated the 27.50-28.35 GHz frequency range to terrestrial licensed mobile operations.
In 2020, FCC issued Report and Order FCC 20-159 [3] which streamlines part 25 rules that govern the licensing of satellite space and earth stations in a satellite system through a unified license. The unified licensing framework specified frequency bands which includes:
· Space-to-Earth:
· For GSO: 18.3-18.8 GHz and 19.7-20.2 GHz 
· For NGSO: 17.8-18.6 GHz, 18.8-19.4 GHz and 19.6-20.2 GHz
· Earth-to-space: 
· For GSO: 28.35-29.1 GHz and 29.25-30.0 GHz.
· For NGSO: 28.35-29.1 GHz and 29.5-30.0 GHz.

In 2020 as well, FCC issued the Report and Order FCC-20-66 [4] which facilitates the deployment of, and reduce the regulatory burdens on, Earth Stations in Motion (ESIMs). It allows ESIMs to communicate in additional frequency bands with GSO satellites operating in FSS bands and adopts rules for ESIMs to communicate with NGSO satellites in specific FSS bands. Those FSS bands include:
· Space-to-Earth:
· For GSO: 17.8-19.4 GHz, 19.6-20.2 GHz.
· For NGSO: 17.8-18.6 GHz, 18.8-19.4 GHz, 19.6-20.2 GHz
· Earth-to-space: 
· For GSO: 28.35-29.1 GHz and 29.25-30.0 GHz.
· For NGSO: 28.4-29.1 GHz and 29.5-30.0 GHz.

Observation8: For GSO type of satellite, FCC has allocated the 17.8-19.4 GHz / 19.6-20.2GHz (Space-to-Earth) and 29.25-30.0 GHz (Earth-to-Space) frequency ranges.
It should be noted that FCC is using different naming for L-ESIM (Vehicle-Mounted Earth Station or VMES), M-ESIM (Earth Station on Vessel or ESV) and A-ESIM (Earth Station Aboard Aircraft or ESAA).
Canada 
The Innovation, Science and Economic Development Canada (ISED) has initiated a consultation (SPB-001-22 [5]) on a policy and licensing framework for the auction of millimeter wave (mmWave) spectrum licenses in the bands 26.5-27.5 GHz (referred to as the 26 GHz band), 27.5-28.35 GHz (referred to as the 28 GHz band), and 37.6-40.0 GHz (referred to as the 38 GHz band) (collectively referred to as the mmWave bands). The consultation clarifies coexistence conditions with earth station operating in those frequencies, not mentioning ESIM. 

In May 2022, ISED released Decision on Updates to the Licensing and Fee Framework for Earth Stations and Space Stations in Canada (SMSE-008-22 [6]). 
This decision clarifies in which frequency range which type of ESIM could operate (with associated power restrictions).
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Observation9: In Canada, only A-ESIM and M-ESIM could operate in 17.7-18.3GHz / 27.5-28.35 GHz with GSO satellite.
Observation10: In Canada, only fixed earth station, A-ESIM and M-ESIM could operate in 18.3-20.2GHz / 28.35-30.0GHz.

It should be noted that land ESIM and fixed earth station are not allowed in the 27.5-30.0 GHz frequency range and only GSO satellite could be considered in the 27.5-28.35 GHz. 

Europe and CEPT
In Norway, the regulator Nkom has allocated the 28.3325-29.4515 GHz frequency range to licensed mobile (IMT 5G), an auction was launched in 2019 attributing this spectrum to Norwegian operator. But except Norway, no other countries allocated spectrum in the 28GHz band for licensed mobile. 

Regarding ESIM, Nkom mentions on their website ESIM system operate in the 29.5-30.0 GHz frequency band (https://www.nkom.no/english/satellite/satellite-communication).


ECC/DEC/(13)01 ([7]) specifies the harmonized use, free circulation, and exemption from individual licensing of Earth stations on mobile platforms (ESOMPs) within the ranges 17.3-20.2 GHz and 27.5-30.0 GHz ESOMPs 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. This ECC Decision also specifies the conditions for those ESOMP devices to operate.
It should be noted that ECC Decision (13)01 is partly implemented in many CEPT countries (e.g. France excluded 27.9405-28.1925 GHz and 28.9485-29.2005 GHz, Norway excluded 28.8365-28.9485 GHz, …). Also, this decision is not binding. 
Observation11: In many CEPT countries, ESOMP operations with GSO satellite is harmonized in the 17.3-20.2 GHz / 27.5-30.0 GHz frequency range with some exclusion.
Japan
MIC has allocated the following frequency ranges to licensed cellular operations (IMT 5G):
· 27.0-28.2 GHz and 29.1-29.5 GHz.
· 28.2-29.1 GHz for local (or indoor) usage only.
Observation12: In Japan, most of the 28 GHz band has been allocated to licensed cellular use.
In Japan, ESIM is only allowed in the 19.7-20.2 GHz/29.5-30.0 GHz frequency range.
Australia 
In August 2020, the Australian Communications and Media Authority (ACMA) released a consultation on draft apparatus [9] licensing arrangements for 5G applications in the 26 and 28 GHz millimetre wave bands. ACMA auctioned the 26 GHz (24.7–25.1 GHz and 25.1-27.1 GHz) and 28 GHz (27.5–30 GHz) by April 2021. 

Observation13: Australia has auctioned the 28 GHz band on Area Wide Licences.
In July 2022, ACMA ([8]) specified new arrangements in the frequency range 17.7 to 20.2 GHz/27.5-28.3 GHz to facilitate ESIM deployments in that range only under certain conditions to protect the licenses in 26 GHz.
Observation14: In Australia, ESIM can operate in the 27.5-28.3 GHz frequency range with restrictions to protect 26 GHz licenses.
Other countries
The following are observations on the spectrum allocation in the 28 GHz band in countries not already mentioned in the previous sections.
Observation15: Korean regulator has allocated the frequency range 26.5-28.9 GHz to IMT operations.

Observation16: Hong Kong assigned 400 MHz blocks of spectrum in the 26.55-27.75 GHz bands to IMT 5G operations. 

Observation17: India regulator had called for auctioning mmWave spectrum in the 24.25-28.5 GHz range for 5G services and suggested that the 27.5-28.5 GHz range be used for both 5G mobile and satellite communications on "a co-existence basis" to ensure efficient use of airwaves.
Summary
Following Table 1 recaps the various frequency ranges allocated to  ESIM all over the world and their related conditions for operation.
[bookmark: _Ref114825929]Table 1: ESIM allocation in different regions or countries
	
	Space-to-Earth
	Earth-to-space
	Comment

	ITU-R
	17.7-21.2 GHz
	27.5-30.0 GHz
	GSO satellite 
A-ESIM, M-ESIM: restrictions to protect incumbents (including terrestrial services)
L-ESIM: to be decided at national level

	USA
	17.8-19-4 GHz and 19.6-20.2 GHz
	28.35-29.1 GHz and 29.25-30.0 GHz.
	GSO satellite, with power density limits to protect terrestrial systems

	
	17.8-18.6 and 18.8-19.4 GHz and 19.6-20.2 GHz
	28.4-29.1 GHz and 29.5-30.0 GHz.
	NGSO satellite, with power density limits to protect terrestrial systems

	Canada
	17.7-18.3 GHz
	27.5-28.35 GHz
	A-ESIM and M-ESIM with GSO,  with power restrictions to protect terrestrial @27–29.5 GHz

	
	18.3-20.2 GHz
	28.35-30.0 GHz
	Fixed Earth station, A-ESIM and M-ESIM, with power restrictions to protect terrestrial @27–29.5 GHz

	CEPT
	17.3-20.2 GHz
	27.5-30.0 GHz
	with restrictions (guard band or power density limits to protect Fixed Service)

	Japan
	19.7-20.2 GHz
	29.5-30.0 GHz
	

	Australia
	17.7-20.2 GHz
	27.5–28.3 GHz
	With restrictions



It can be noticed there is no frequency range that would fit for all regions or countries, except may be the 19.7-20.2 GHz / 29.5-30.0 GHz band. 
Depending on the considered frequency range, ESIM operations might be allowed or not, and when allowed ESIM might coexist or not with IMT TN operations. 
Observation18: Specifying a unique NTN band 17.7-20.2 GHz in space-to-Earth direction and 27.5-30.0 GHz in Earth-to-space direction would not be suitable for all regions. 
Observation19: It’s common practice in RAN4 to specify bands specific to a region/country based on the local regulation.
Based on previous observations, to facilitate the requirements specifications and considered specific local constraints, we made the following proposals:
Proposal5: Instead of specifying a unique NTN Ka-band band for all regions, RAN4 should specify regional/local band(s) depending on local regulation.

Conclusion
In this contribution, we made an analysis of some major Regulations and made the following observations and proposals:
Proposal1: Prioritize GEO and LEO types of satellite, MEO and HEO might be considered in a second phase.
Observation1: ESIM for NGSO in Ka band is not in the scope of this WI.
Proposal2: Mobile VSAT and ESIM should be considered as one unique type of satellite device. 
Observation2: RAN4 specifies bands under the mobile allocation.
Observation3: ESIM can be deployed under Fixed Service Satellite allocation. However, these are defined as Stations “in motion” and thus might probably be considered similar to a mobile satellite device.
Proposal3: Scenarios considering operations with fixed VSAT type of UE should be clarified. Pending on such clarification, fixed VSAT type of device could only be considered in the spectrum allocated by ITU to Mobile satellite service (19.7-20.2 GHz and 29.5-30.0 GHz).
Observation4: The following frequency range should be further studied in RAN4 to define a NTN reference band: 17.7-20.2 GHz in space-to-Earth direction and 27.5-30.0 GHz in Earth-to-space direction.
Observation5: The proposed Ka-band frequency range is allocated to:
· Fixed Satellite in 17.7-21.2 GHz and in 27.5-30.0 GHz.
· Mobile Satellite in 19.7-21.2 GHz and in 29.5-30.0 GHz (primary or secondary allocation).
Proposal4: The spectrum allocated by ITU to MSS, i.e. 19.7-20.2 GHz (space-to-Earth) and 29.5-30.0 GHz (Earth-to-space), could be considered as a starting point for further discussion related to the definition of the NTN Ka-band. 
Observation6: ITU authorized ESIM operations in 17.7-20.2 GHz (space-to-Earth) and 27.5-30.0 GHz (Earth-to-space) under certain conditions, and for GSO systems only.
Observation7: FCC has allocated the 27.50-28.35 GHz frequency range to terrestrial licensed mobile operations.
Observation8: For GSO type of satellite, FCC has allocated the 17.8-19.4 GHz / 19.6-20.2GHz (Space-to-Earth) and 29.25-30.0 GHz (Earth-to-Space) frequency ranges.
Observation9: In Canada, only A-ESIM and M-ESIM could operate in 17.7-18.3GHz / 27.5-28.35 GHz with GSO satellite.
Observation10: In Canada, only fixed earth station, A-ESIM and M-ESIM could operate in 18.3-20.2GHz / 28.35-30.0GHz.
Observation11: In many CEPT countries, ESOMP operations with GSO satellite is harmonized in the 17.3-20.2 GHz / 27.5-30.0 GHz frequency range with some exclusion.
Observation12: In Japan, most of the 28 GHz band has been allocated to licensed cellular use.
Observation13: Australia has auctioned the 28 GHz band on Area Wide Licences.
Observation14: In Australia, ESIM can operate in the 27.5-28.3 GHz frequency range with restrictions to protect 26 GHz licenses.
Observation15: Korean regulator has allocated the frequency range 26.5-28.9 GHz to IMT operations.
Observation16: Hong Kong assigned 400 MHz blocks of spectrum in the 26.55-27.75 GHz bands to IMT 5G woperations. 
Observation17: India regulator had called for auctioning mmWave spectrum in the 24.25-28.5 GHz range for 5G services and suggested that the 27.5-28.5 GHz range be used for both 5G mobile and satellite communications on "a co-existence basis" to ensure efficient use of airwaves.
Observation18: Specifying a unique NTN band 17.7-20.2 GHz in space-to-Earth direction and 27.5-30.0 GHz in Earth-to-space direction would not be suitable for all regions. 
Observation19: It’s common practice in RAN4 to specify bands specific to a region/country based on the local regulation.
Proposal5: Instead of specifying a unique NTN Ka-band band for all regions, RAN4 should specify regional/local band(s) depending on local regulation.
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The  following assumptions are taken a baseline for this work:      GSO  and NGSO (e.g. LEO, MEO, HEO) based satellite access to be considered   o   ESIM scenarios for  NGSO  in Ka band are not considered in this WI.       Targeted UE types: fixed and mobile VSAT. VSAT UE  characteristics from TR38.821 to be considered in  priority but additional NTN UE classes may be considered if justified   o   Regarding mobile VSAT, three types of terminal and scenario exist; airborne, maritime and land  based ESIM.   Which type(s) to be specified   depends on the outcome of the regulation analysis and co - existence study.      FDD mode is assumed for satellite operation above 10 GHz, while TDD mode is assumed for terrestrial  operation in FR2      The   ITU - R   harmonized Ka band   will serve as reference      Co - existenc e between overlapping NTN and TN band portions is   out of scope of this work item. This aspect  will be captured in the specification.  
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The following covers the objectives for NR - NTN deployment in above 10 GHz bands.   T his work   is expected to start  after June   2022.        Study and identify NTN  example  band: Analysis of regulations and adjacent channel co - existence scenarios .  The example band shall be identified early in the WI. Additional bands can be introduced in a release - independent manner.   [RAN4]   o   Consider the  satellite  harmonized Ka band as a reference, according to ITU allocation; taking into  account deployment type (e.g. VSAT, ESIM), scenarios, and ITU - R/regional regulations, define an  example band suitable for development of generic 3GPP minimum performance  requirements (the  example RAN4 band may be a portion of or the entire harmonized Ka band). [RAN4]   o   Study implications of FDD operation in FR2 and derive requirements  for the identified  example  band  appropriately. Satellite bands introduced in 3GPP for NTN for FDD shall not impact the existing  3GPP TDD specifications for terrestrial bands  adjacent to the NTN band  (see note 3 of the approved  way forward RP - 211596 in RAN#92 - e). [RAN4]   o   Relevant coexisten ce scenarios and analysis to be considered in RAN4, if and where applicable, to  ensure that satellite bands introduced in 3GPP for NTN shall  not  impact the existing specifications  and shall not   cause degradation (in the sense of RAN4 co - existence studies)  to networks in 3GPP  specified terrestrial bands   adjacent to the NTN band .   In that, it is assumed that the NTN - TN adjacent  band coexistence will be performed   at the harmonized   Ka band edges . The outcome is expected to be  applicable to all NTN - TN adjacent ba nd scenarios (if any) in the whole Ka band range where  applicable and regulations allow .   [RAN4]   o   For  all the above , RAN4 process as agreed for NTN in FR1  should   be  used   for coexistence analysis in  above 10 GHz bands [RAN4].   o   Definition of NTN band(s) above 1 0 GHz does not change the current FR1/FR2 definition, nor  automatically apply to future terrestrial bands defined in this frequency region; (see proposal 2 of the  approved way forward RP - 211596 in RAN#92 - e) [RAN4]      Specify Rx/Tx requirements for satellite  a ccess node  and different VSAT UE class (not only 60 cm aperture)  as appropriate for the identified example band [RAN4]      Identify values for physical layer parameters  chosen from the existing FR1 and FR2 sets. The following set of  parameters to specify , but  not necessarily limited to,   are listed.as follows   [RAN4]:   o   time relationship related enhancement (e.g. K_offset)   o   subcarrier spacing for different UL/DL signals/channels   o   PRACH configuration index for FDD above 10 GHz.  
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