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Introduction
A new WI [1] has been approved in RAN#88e meeting to specify requirements for the support of NTN. 
In a first section, this contribution is giving a high level view on the different scenarios considered for NTN. Then, after a short background to go through some key pre-requisite, this contribution is reviewing the proposed frequency ranges for NTN ([6]), checking the ITU Radio Regulations allocations.
Discussion 
Scenarios
Following Figure 1 from TR 38.821 ([8]) gives a good overview of typical NTN scenario (transparent payload), operating in FR1 or FR2.
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[bookmark: _Ref53153612]Figure 1: NTN typical scenario



Based on Tables 4.7-1 and 5.1-1 from TR 38.811 ([7]),  following Table 1 intends to summarize the role of the satellite and the UE in such scenarios:
	Spectrum
	2 GHz / FR1
	FR1
	FR2

	Satellite
	Orbit
	GEO
	LEO
	HIBS
	GEO
	LEO

	
	Type
	“Remote Radio Head”
	“Relay node”
	“Relay node”
	“Remote Radio Head”
	“Relay node”

	NTN Terminal type
	UE
	UE
	“Relay node”


[bookmark: _Ref54032563]Table 1: NTN roles
Following table 5.4-1 from TR 38.821 gives additional information on the UE characteristics: 
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From earlier information, it seems to us that a NTN UE type is assumed according to the following:
· For FR1, the NTN UE would be a User Equipment according to RAN4 definition.
· For FR2, the NTN UE would be a “relay UE”, but not a FR2 UE as specified by RAN4.

But these definitions and consideration would need some clarification or confirmation.
Observation 1: A NTN satellite+Gateway might be considered as a “Relay node” or “Remote Radio Head” unit.
Observation 2: A NTN UE operating in FR1 might be considered as NR FR1 UE.
Observation 3: A NTN UE operating in FR2 might be considered as a relay UE, but most likely not a NR FR2 UE.

HAPS or HIBS 
HAPS are mentioned several times in the NTN WI [1], providing following description:
Airborne vehicles: High Altitude Platforms (HAPs) encompassing Unmanned Aircraft Systems (UAS) including Lighter than Air UAS (LTA), Heavier than Air UAS (HTA), all operating in altitudes typically between 8 and 50 km, quasi-stationary.
But, in this NTN WI’ scope, it remains unclear if “HAPS” means HAPS and/or HIBS as defined by ITU:
· ITU Radio Regulations define HAPS as radio stations located on an object at an altitude of 20-50 kilometres and at a specified, nominal, fixed point relative to the Earth. HAPS are under fixed satellite service allocation.
· High-altitude IMT base stations or HAPS operating as an IMT base station (HIBS) possible use of same frequency bands as ground-based IMT base stations on HAPS vehicles for extended mobile broadband connectivity to underserved communities and remote areas. The height allowed by the RR is 20-50 km.
Observation 4: According to the RR definitions, HAPS vehicles fly between 20-50 km.
Also, in last RAN2 meeting #112-e meeting ([9]), following agreement was made: 
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Based on the above, it’s so our understanding that only HIBS are in this NTN WI’ scope and not HAPS. We propose so to only use HIBS wording and not HAPS and clarify this in the NTN WI ([1]):
Proposal 1: Only HIBS are in the scope of NTN. The NTN WI shall be updated to clarify this, replacing “HAPS” with “HIBS”.
Regulatory Background
3GPP frequency ranges
With the NR introduction, 3GPP has specified two frequency ranges as defined in Table 1.
	Frequency range designation
	Corresponding frequency range 

	FR1
	410 MHz – 7125 MHz

	FR2
	24250 MHz – 52600 MHz


[bookmark: _Ref52897868]Table 2: Definition of frequency ranges
TS 38.104 specifies the terrestrial BS core requirements for both ranges, while TS 38.101-1 specifies the terrestrial UE requirements for FR1 and TS 38.101-2 UE requirements for FR2. At this point, there is no RF requirement for NTN in any of the technical specifications.
There is currently no requirement specified neither for BS nor UE in the 7.125 – 24.250 GHz range or above 52 600 MHz. Some studies have been done/is on-going in RAN4:
· A study ([4]) on terrestrial 7-24 GHz was done to prepare for requirements specification, but considerable effort would still be needed to finalize this. 
· A study ([5]) on terrestrial usage in the bands 6.425-7.125 GHz and 10.0-10.5 GHz is on-going to answer ITU-R LS with IMT parameters, but it won’t cover all requirements, neither update accordingly the BS and UE specifications.
· A WI has been approved for terrestrial 5G NR in the band 6425-7125 MHZ
ITU services
The following services are among those defined in the Radio Regulations ([3]):
· Fixed (1.20): A radiocommunication service between specified fixed points.

· Fixed satellite (1.21) : 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.

· Mobile (1.24): radiocommunication service between mobile and land stations, or between mobile stations (CV).

· Mobile satellite (1.25): mobile-satellite service: 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.
Fixed services spectrum management is not in the scope of 3GPP RAN4, while mobile spectrum is. Similarly, fixed satellite spectrum should not be in the scope of RAN4, while mobile satellite could be in NTN context.
In addition to this, the operation of Earth Stations In Motion (ESIM) communication with GEO satellite is also allowed in the fixed satellite service bands 17.7-20.2 GHz (space-to-Earth) and 27.5-30 GHz (Earth-to-space). ESIM are earth stations on board of either land mobiles (terrestrial), ships (maritime) or airplanes (aeronautical). ESIM systems are envisioned only in area where there is no terrestrial coverage, i.e. ships being at sea, aircraft crossing the ocean or land vehicles crossing vast areas without any network coverage.
Proposal 2: The frequency ranges considered for NTN should be spectrum allocated by ITU to Mobile satellite. 
Regulatory landscape
FR1
L band
Following frequency ranges were proposed in [6] for NTN:
	
	Region 1
	Region 2
	Region 3

	Downlink (space to earth)
	1518 – 1559 MHz
	1518 – 1559 MHz
	1518 – 1559 MHz

	Uplink (earth to space)
	1626.5 – 1660.5 MHz & 1668 – 1675 MHz
	1626.5 – 1660.5 MHz & 1668 – 1675 MHz 
	1626.5 – 1660.5 MHz & 1668 – 1675 MHz



	
	Region 1
	Region 2
	Region 3

	Downlink (space to earth)
	1613.8 – 1626.5 MHz 
	1613.8 – 1626.5 MHz 
	1613.8 – 1626.5 MHz 

	Uplink (earth to space)
	1610.0 – 1626.5 MHz
	1610.0 – 1626.5 MHz
	1610.0 – 1626.5 MHz



Radio Regulations [3] specify the following service allocation for those frequency ranges:
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Observation 5: The Radio Regulations have allocated mobile satellite service for the suggested part of L-band for NTN, the mobile service is also allocated in the ranges 1518-1525 MHz (primary service) and 1525-1535 MHz (secondary service). 
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Observation 6: The Radio Regulations have allocated mobile satellite service for the suggested part of L-band for NTN, mobile service is also allocated in the ranges 1668.4-1675 MHz (primary service) and 1668-1668.4 MHz (secondary service). 
Observation 7: According to past ITU-R discussions on this band for mobile and mobile satellite services, L-band would be used for sensitive mobile satellite service. Further consideration would be needed if NTN would also be using this band.

S band
Following frequency ranges were proposed in [6] for NTN:
	
	Region 1
	Region 2
	Region 3

	Downlink (space to earth)
	2170 - 2200 MHz & 2483.5 - 2500 MHz
	2160 - 2200 MHz & 2483.5 - 2500 MHz
	2170 - 2200 MHz & 2483.5 - 2500 MHz

	Uplink (earth to space)
	1980 - 2010 MHz
	1980 - 2025 MHz
	1980 - 2010 MHz



Radio Regulations [3] specify the following service allocation for those frequency ranges:
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Observation 7: the Radio Regulations have allocated mobile satellite service for the suggested part of S-band for NTN. These ranges are also allocated to mobile. The proposed frequency ranges might be considered for NTN.


C band 
Following frequency ranges were proposed in [6] for NTN:
	
	Region 1
	Region 2
	Region 3

	Downlink (space to earth)
	3400 - 4200 MHz and 4500 - 4800 MHz
	3400 - 4200 MHz and 4500 - 4800 MHz
	3400 - 4200 MHz and 4500 - 4800 MHz

	Uplink (earth to space)
	5725 - 7025 MHz
	5850 - 7025 MHz
	5850 - 7025 MHz



Radio Regulations [3] specify the following service allocation for those frequency ranges:
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Observation 9: the Radio Regulations have not allocated mobile satellite service for the suggested part of C-band for NTN. The proposed frequency ranges should not be considered for NTN.
Neither FR1, nor FR2
Ku band
Following frequency ranges were proposed in [6] for NTN:
	
	Region 1
	Region 2
	Region 3

	Downlink (space to earth)
	10.7 - 12.75 GHz
	10.7 - 12.7 GHz
	10.7 - 12.75 GHz

	Uplink (earth to space)
	12.75 - 13.25 GHz & 13.75 - 14.5 GHz
	12.75 - 13.25 GHz & 13.75 - 14.5 GHz
	12.75 - 13.25 GHz & 13.75 - 14.5 GHz



Observation 10: The proposed frequency ranges in Ku-band are currently not covered by RAN4 specifications TS 38.104 and TS 38.101-1/-2. 
Radio Regulations [3] specify the following service allocation for those frequency ranges:
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Observation 11: The Radio Regulations have not allocated mobile satellite service for the suggested part of Ku-band in downlink for NTN. The proposed frequency ranges should not be considered for NTN.
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Observation 12: The Radio Regulations have not allocated mobile satellite service for the suggested part of Ku-band in uplink for NTN, except for the 14-14.5 GHz frequency range but as secondary service only. 

Ka band
Following frequency ranges were proposed in [6] for NTN:
	
	Region 1
	Region 2
	Region 3

	Downlink (space to earth)
	17.3 – 20.2 GHz
	17.7 – 20.2 GHz
	17.7 – 20.2 GHz

	Uplink (earth to space)
	27.5 – 30.0 GHz
	27.0 – 30.0 GHz
	27.0 – 30.0 GHz



	
	Region 1
	Region 2
	Region 3

	Downlink (space to earth)
	17.7 – 20.2 GHz
	17.7 – 20.2 GHz
	17.7 – 20.2 GHz

	Uplink (earth to space)
	27.5 – 29.1 GHz & 29.5 – 30.0 GHz
	27.0 – 29.1 GHz & 29.5 – 30.0 GHz
	27.0 – 29.1 GHz & 29.5 – 30.0 GHz



Observation 13: The proposed frequency ranges in Ka-band downlink are currently not covered by RAN4 specifications TS 38.104 and TS 38.101-1/-2. 
Radio Regulations
Radio Regulations [3] specify the following service allocation for those frequency ranges:
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Observation 14: The Radio Regulations have allocated mobile satellite service for the 19.7-20.2 GHz range of the suggested part of Ka-band in downlink for NTN. However, it is a secondary allocation in the range 19.7-20.1 GHz in Region 1 and Region 3.
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Observation 15: The Radio Regulations have allocated mobile satellite service for the 29.5-29.9 GHz as a secondary service and 29.9-30.0 GHz as a primary service  

ESIM consideration
WRC-15 defined the possible operation of ESIM in the bands the 19.7-20.2 GHz (s-e) and 29.5-30.0 GHz (e-s) frequency range for ESIM and GSO satellite.
WRC-19 (Resolution 169) extended this range to 17.7-19.7 GHz (s-e) and 27.5-29.5 GHz (e-s) in the fixed satellite service.
WRC-23 (AI 1.16 / Resolution173)  ITU-R is invited to study sharing and compatibility between ESIM with non-GSO FSS systems and other primary services in the frequency bands 17.7-18.6 GHz, 18.8-19.3 GHz and 19.7-20.2 GHz (s-e) and 27.5-29.1 GHz, 29.5-30.0 GHz (e-s) in the fixed satellite service.
FR2
Q/V band
Following frequency ranges were proposed in [6] for NTN:
	[bookmark: _Hlk509845446]
	Region 1
	Region 2
	Region 3

	Downlink (space to earth)
	37.5 – 42.5 GHz,
47.5 - 47.9 GHz,
48.2 - 48.54 GHz
& 49.44 - 50.2 GHz

	37.5 – 42.5 GHz

	37.5 – 42.5 GHz


	Uplink (earth to space)
	42.5 – 43.5 GHz,
47.2 – 50.2 GHz &
50.4 – 51.4 GHz
	42.5 – 43.5 GHz,
47.2 – 50.2 GHz &
50.4 – 51.4 GHz,

	42.5 – 43.5 GHz,
47.2 – 50.2 GHz &
50.4 – 51.4 GHz



Radio Regulations [3] specify the following service allocation for those frequency ranges:
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Observation 16: The Radio Regulations have allocated mobile satellite service for the 39.5-40.5 GHz range of the suggested part of Q/V-band in downlink for NTN. 
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Observation 17: The Radio Regulations have allocated mobile satellite as secondary service for the 50.4-51.4 GHz range of the suggested part of Q/V-band in downlink for NTN.
HIBS considerations
Radio Regulations (No 5.388A) include HIBS in the following frequency ranges:
· 1 885-1 980 MHz, 2 010-2 025 MHz and 2 110-2 170 MHz in Regions 1 and 3.
· 1 885-1 980 MHz  and 2 110-2 160 MHz in Region 2.
Associated technical conditions are stipulate in No 5.388N and Resolution 221 (WRC-07).
In addition, WRC-19 (Resolution 247) invited ITU-R to study HIBS in the following frequency ranges (to be completed for  WRC-23):
· 694-960 MHz.
· 1 710-1 885 MHz (1 710-1 815 MHz to be used for uplink only in Region 3).
· 2 500-2 690 MHz (2 500-2 535 MHz to be used for uplink only in Region 3, except 2 655-2 690 MHz in Region 3).
ITU-R WP 5D has been tasked to do the technical work, including co-existence with other services in the band. These will be the basis for decisions taken at WRC-23

Observation 18: The Radio Regulations include HIBS usage in the 2 GHz, further frequency bands below 2.7 GHz will be studied for WRC-23. Decision on introducing HIBS will be taken at WRC-23.
Conclusion
In this contribution, based on Radio Regulations, we made following proposal and observations:

Observation 1: A NTN BS might be considered as a “Relay node” or “Remote Radio Head” unit.
Observation 2: A NTN UE operating in FR1 might be considered as NR FR1 UE.
Observation 3: A NTN UE operating in FR2 might be considered as a relay UE, but most likely not a NR FR2 UE.
Observation 4: According to the RR definitions, HAPS vehicles fly between 20-50 km.
Proposal 1: Only HIBS are in the scope of NTN. The NTN WI shall be updated to clarify this, replacing “HAPS” with “HIBS”.

Proposal 2: The frequency ranges considered for NTN should be spectrum allocated by ITU to the Mobile satellite as a primary service. 

L-band:
Observation 5: The Radio Regulations have allocated mobile satellite service for the suggested part of L-band for NTN, the mobile service is also allocated in the ranges 1518-1525 MHz (primary service) and 1525-1535 MHz (secondary service). 
Observation 6: The Radio Regulations have allocated mobile satellite service for the suggested part of L-band for NTN, mobile service is also allocated in the ranges 1668.4-1675 MHz (primary service) and 1668-1668.4 MHz (secondary service).
Observation 7: According to past ITU-R discussions on this band for mobile and mobile satellite services, L-band would be used for sensitive mobile satellite service. Further consideration would be needed if NTN would also be using this band.

S-band:
Observation 8: The Radio Regulations have allocated mobile satellite service for the suggested part of S-band for NTN. These ranges are also allocated to mobile. The proposed frequency ranges might be considered for NTN.
C-band:
Observation 9: The Radio Regulations have not allocated mobile satellite service for the suggested part of C-band for NTN. The proposed frequency ranges should not be considered for NTN.
Ku-band:
Observation 10: The proposed frequency ranges in Ku-band are currently not covered by RAN4 specifications TS 38.104 and TS 38.101-1/-2. 
Observation 11: The Radio Regulations have not allocated mobile satellite service for the suggested part of Ku-band in downlink for NTN. The proposed frequency ranges should not be considered for NTN.
Observation 12: The Radio Regulations have not allocated mobile satellite service for the suggested part of Ku-band in uplink for NTN, except for the 14-14.5 GHz frequency range but as secondary service only. 
Ka-band:
Observation 13: The proposed frequency ranges in Ka-band downlink are currently not covered by RAN4 specifications TS 38.104 and TS 38.101-1/-2. 
Observation 14: The Radio Regulations have allocated mobile satellite service for the 19.7-20.2 GHz range of the suggested part of Ka-band in downlink for NTN. However, it is a secondary allocation in the range 19.7-20.1 GHz in Region 1 and Region 3.
Observation 15: The Radio Regulations have allocated mobile satellite service for the 29.5-30.0 GHz range of the suggested part of Ka-band in uplink for NTN. 
Q/V-band:
Observation 16: The Radio Regulations have allocated mobile satellite service for the 39.5-40.5 GHz range of the suggested part of Q/V-band in downlink for NTN. 
Observation 17: The Radio Regulations have allocated mobile satellite as secondary service for the 50.4-51.4 GHz range of the suggested part of Q/V-band in downlink for NTN.
HIBS
Observation 18: The Radio Regulations include HIBS usage in the 2 GHz, further frequency bands below 2.7 GHz will be studied for WRC-23. Decision on introducing HIBS will be taken at WRC-23.

Based on previous proposal and observations, following frequency ranges are allocated to mobile satellite and would need further discussion. The ranges highlighted in red are neither part of FR1 nor FR2 and would then require extra specification effort. 
· L-band
	Downlink (space to earth)
	1518 – 1559 MHz
1613.8 – 1626.5 MHz 

	Uplink (earth to space)
	1626.5 – 1660.5 MHz & 1668 – 1675 MHz
1610.0 – 1626.5 MHz


· S-band
	Downlink (space to earth)
	2170 - 2200 MHz & 2483.5 - 2500 MHz

	Uplink (earth to space)
	1980 - 2010 MHz


· C-band: 
None
· Ku-band
	Downlink (space to earth)
	None

	Uplink (earth to space)
	14.0 - 14.5 GHz (secondary)


· Ka-band
	Downlink (space to earth)
	19.7 – 20.2 GHz in Region 2

	Uplink (earth to space)
	29.9-30 GHz


· Q/V band
	Downlink (space to earth)
	39.5 – 40.5 GHz

	Uplink (earth to space)
	



For HIBS, following frequency ranges might be considered:
		
	Regions 1 and 3
	1 885-1 980 MHz
2 010-2 025 MHz 
2 110-2 170 MHz

	Region 2
	1 885-1 980 MHz  
2 110-2 160 MHz



References
[1] RP-201256, Solutions for NR to support non-terrestrial networks (NTN), Thales 
[2] [bookmark: _Ref47013400]World Radiocommunication Conference 2019 (WRC-19), Final Acts
[3] [bookmark: _Ref52874399]Radio Regulations, ITU
[4] [bookmark: _Ref52897300]TR 38.820, Study on the 7 to 24 GHz frequency range for NR
[5] [bookmark: _Ref52897306][bookmark: _GoBack]TR 38 921, Study on IMT parameters for 6.425-7.025 GHz, 7.025-7.125 GHz and 10.0-10.5 GHz
[6] [bookmark: _Ref52897375]R4-2006894, Possible bands for NR based satellite networks, Thales, Hughes Network Systems Ltd, Intelsat
[7] [bookmark: _Ref53153715]TR 38.811, Study on New Radio (NR) to support non-terrestrial networks
[8] [bookmark: _Ref53153708]TR 38.821, Solutions for NR to support non-terrestrial networks (NTN)
[9] [bookmark: _Ref54010000]R2-2008xx, Report of 3GPP TSG RAN WG2 meeting #111-e


image1.emf
Service

link

Satellite

(or UAS platform)

Gateway

Beam foot

print

Field of view of the satellite (or UAS platform)

Feeder link

Data 

network

User

Equipments


image2.png
Table 5.4-1: NTN use cases mapped to TN-NTN service continuity use cases and assumptions for
frequency band and UE characteristics.

Use case NTIN-TN service “Assumptions for UE characteristics
continuity use case
Stationary UE (eMBB) | Medium/high ‘The UE is assumed to have TN and NTN connectivity capabilities
Pedestrian UE (eMBB) | throughput — TN or
NTN (LEO) ‘The UE has omi-directional antenna type applicable to both TN and NTN
Machine UE (mMTC) connectivity
Low to medium
throughput NTN ‘The NTN access may operate in frequency bands below or above 6 GHz
(GEO)
Mediumhigh “The relay UE is assumed to have TN and NTN connectivity capabiliies and
Stationary/Vehicular | throughput—TNor | provides service to the TN only capable UEs outdoor or inside buildings, vehicle or
relay UE (eMBB) NTN (LEO) train/aiplane, respectively.
[Relay UE on vehicles or | Mediumhigh ‘The vehicular relay UE can have different antenna types for TN and NTN
ships throughput NTN connectivity
(GEO)
Relay UE on high speed ‘The NTN access may operate in frequency bands below or above 6 GHz
trains
Relay UE on board
airplanes]
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Proposal 2.9.1: Transparent HAPS is assumed with the IMT BS on the ground and the HAPS is a relay.
= Agreed
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