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Introduction
The list of all frequency bands that are allocated to Satellite networks are based on the different ITU regions here below depicted:
[image: ]
Figure 1: ITU regions and the dividing lines between them.  Region 1 (Yellow), Region 2 (Blue), Region 3 (Purple)
Any of these frequency bands could be considered for the operation of satellite network using NR radio interface. The use of some frequency bands may require coexistence studies if not already concluded in ITU-R. According to R4-2006894, potential frequency bands for consideration are:
· For FR1: Frequency bands L, S, C.
· For FR2: Frequency bands Ku, Ka, Q/V.
Proposed exemplary band for NR based Satellite networks operating in FR2
[bookmark: _Toc493127338]RP-202120 was discussed at plenary meeting RAN#89-e, and the first and third proposals were:
“Proposal 1: In RAN4, the WID “NR-NTN-solutions” will define the generic and core requirements and consider at least one example satellite band. RAN4 to decide based on technical considerations which band(s) to consider as exemplary band for the WI “NR-NTN-solutions”, with at least the pre-condition that the intended usage is compliant with ITU-R Radio Regulations.”
“Proposal 3: The proponents of a RAN4 led “satellite” band specific WI are expected to reference all the relevant sources (including but are not limited to ITU-R Radio Regulations, relevant national regulations, pre-existing Harmonized Standards developed for example in ETSI, coexistence studies approved by regulatory bodies and/or 3GPP specifications) and contribute to the definition of the requirements that should be met. Moreover they shall clarify the use case scenarios and architectures (e.g. orbit, altitude, type of UE, duplex mode, channel bandwidth, SCS...) provided that the use case scenarios and architectures are within the scope of WID “NR-NTN-solutions” in order to define the requirements.”
In this section we propose to consider at least one example satellite band for FR2 (e.g. Ka-band).
2.1 Ka band spectrum for Satellite services 
The following bands are commonly referred to as “Ka band” and identified by ITU Radio Regulation for use by Geo-stationary Orbit (GEO) and Non-Geostationary Orbit (NGSO) based Satellite services on a worldwide basis. Based on the satellite operation, the duplex mode will be FDD, as allocated by ITU Radio Regulations.

	
	Region 1
	Region 2
	Region 3

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

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


Table 2.1-1: “Ka band” spectrum for GEO based Satellite services


	
	Region 1
	Region 2
	Region 3

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

	Uplink (earth-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


Table 2.1-2: “Ka band” spectrum for NGSO Satellite services

Note: in some countries, certain portions of this range are co-primary with terrestrials and national rules & regulations are applicable. 
2.2 List of relevant standardization sources 
The following pre-existing harmonized standards developed in ETSI for satellite services in this band may be considered during the work:
· 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
· ETSI EN 303 979: Satellite Earth Stations and Systems (SES); Harmonized 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
2.3 List of relevant regulatory sources
· Radio Regulations Article 5 – Frequency Allocations, 2016 Edition
· FINAL ACTS of the World Radiocommunication Conference (WRC-19)
· Article 3.2 of the Directive 2014/53/EU
· FCC-16-89A1, https://apps.fcc.gov/edocs_public/attachmatch/FCC-16-89A1.pdf
Proposal 1: RAN4 work should consider an exemplary FR2 band for NTN.
Proposal 2: Propose RAN4 to use an FR2 exemplary band of 17.7 – 20.2 GHz for DL and 27.5 – 30.0 GHz for UL with FDD duplex mode.
2.4 NR-ARFCN and channel bandwidth
The proposed NR-ARFCN and channel bandwidth in these frequency range are given in the table 2.4-1 and 2.4-2 respectively. 

	Operating Band
	Uplink (UL) operating band
UE transmit
	Downlink (DL) operating band
UE Receive
	Duplex mode

	
	FUL_low – FUL_high
	FDL_low – FDL_high
	FDD

	Ka Band
	27.75 – 30.0 GHz
	17.7 – 20.2 GHz
	FDD


Table 2.4-1: Proposed NR-ARFCN 

	Operating band/SCS/UE channel bandwidth

	Operating Band
	SCS KHz
	50 MHz
	100 MHz
	200 MHz
	400 MHz

	17.7 – 20.2 GHz
	60
	Yes
	Yes
	Yes
	

	
	120
	Yes
	Yes
	Yes
	Yes

	27.75 – 30.0 GHz
	60
	Yes
	Yes
	Yes
	

	
	120
	Yes
	Yes
	Yes
	Yes


Table 2.4-2: Proposed channel bandwidth 
2.5 Recommended parameter for UE with directive antenna
UE with directive antenna, can be categorized as “fixed or mounted” with the following power classes and capabilities:
· NTN capable UE of power class 1 – ESOMP/ESIM mounted on aircrafts, ships/vessels, fast train, vehicles. The UE can also act as relay to other UEs on board the moving platforms 
· Fixed UE, example VSAT
[image: ]
Figure 2.4: Uu for satellite-based NR in Ka-Band
The recommended UE parameters for ESOMP/ESIM are as defined in ETSI EN 303 978 for GEO and ETSI EN 303 979- for NGSO.
The UE parameter description for VSAT is highlighted in TR38.821 [2] in Table 6.1.1.1-3: UE characteristics for system level simulations, see below.
	Characteristics
	VSAT (NOTE 2)
	Handheld
	Other (NOTE 1)

	Frequency band
	Ka band (i.e. 30 GHz UL and 20 GHz DL)
	S band (i.e. 2 GHz)
	Ka band (i.e. 30 GHz UL and 20 GHz DL)

	Antenna type and configuration
	Directional
Section 6.4.1 of [2] with 60 cm equivalent aperture diameter
	(1, 1, 2) with omni-directional antenna element

	Directional
(M,N,P,Mg,Ng) = (TBD,TBD,2,1,1); (dV,dH) = (TBD, TBD)λ with directional antenna element (HPBW=65 deg)

	Polarisation
	circular
	Linear: +/-45°X-pol
	Linear: +/-45°X-pol

	Rx Antenna gain 
	39.7 dBi 
	0 dBi per element
	TBD dBi per element

	Antenna temperature
	150 K
	290 K
	TBD K

	Noise figure
	1.2 dB
	7 dB
	TBD dB

	Tx transmit power
	2 W (33 dBm)
	200 mW (23 dBm)
	[TBD W (TBD dBm)]

	Tx antenna gain
	43.2 dBi
	0 dBi per element
	TBD dBi per element

	NOTE 1:	Moving platforms (e.g., aircrafts, vessels), building mounted devices. These values are provided for information.
NOTE 2:	VSAT terminal characteristics could be implemented with phased array antenna


TR 38.821: Table 6.1.1.1-3: UE characteristics for system level simulations
Note 1: ESIM (Earth stations in motion) [1] address a complex challenge – how to provide reliable and high-bandwidth Internet services to what are – literally – moving targets. They provide broadband communications, including Internet connectivity, on platforms in motion. There are currently three types of ESIM: ESIM on aircraft (aeronautical ESIM), ESIM on ships (maritime ESIM) and ESIM on land vehicles (land ESIM).
Note 2: The user link (UE-satellite) is based on Uu NR interface in FDD mode with DFT-s-OFDM in uplink and CP-OFDM in the downlink.
Note 3: The feeder link (gateway – satellite) may operate in any frequency outside the user link frequency bands in consideration. One can assume that it is dimensioned to produce negligible degradation to the user link (satellite – user equipment) performances.
Note 4: It is assumed that the satellite (and gateway in cases of transparent payload) is dimensioned to close the link budget between the gNB and UE (satellite terminal), including effects of the feeder link.
Note 4: As part of this work, some reference RF performances for satellite and possibly for the Gateway may be considered.

Conclusions
Proposal 1: RAN4 work should consider an exemplary FR2 band for NTN.
Proposal 2: RAN4 to use an FR2 exemplary band of 17.7 – 20.2 GHz for DL and 27.5 – 30.0 GHz for UL with FDD duplex mode.

Reference
[1]. https://www.itu.int/en/mediacentre/backgrounders/Pages/Earth-stations-in-motion-satellite-issues.aspx
[2]. TR 38.821
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