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Introduction 
[bookmark: _Hlk60992832]As a follow-on and according to R4-2006894 [1], potential frequency bands for consideration are:
· For FR1: Frequency bands L, S, C. 
· For FR2: Frequency bands Ku, Ka, Q/V 

The ITU allocates spectrum for satellite services and these allocations can be worldwide or regional.  Satellite allocations between 10 GHz and 30 GHz are commonly referred to as “Ka band” and “Ku band” and may be used for the operation of Geo-stationary Orbit (GEO) and Non-Geostationary Orbit (NGSO) based satellites.  These ranges cover predominantly Fixed Satellite Services (FSS) and Broadcasting Satellite Services (BSS) allocations with the Mobile Satellite Service (MSS) also being allocated in certain portions and include also allocations for government and military applications. The regulatory framework for the operation of NGSO systems vis a vis GSO networks vary in different segments of these bands. These are allocated by ITU and are subject to the provisions of ITU Radio Regulation Article 5 of the ITU Radio Regulation.  The downlink portion of the Ka band and most of Ku fall in between the current FR1 and FR2 range of the 3GPP NR band. 

This contribution provides discussion on handling of satellite bands that are outside of FR1 and FR2 ranges, for NR based satellite networks.

Discussion 
[bookmark: _Toc493127338]2.1 Allocated satellite frequency bands in between FR1, FR2 
Previous NR Band range before Rel-16 are as follows:
· FR1 below 6 GHz 
· FR2 above 6 GHz
However, starting Rel-16, the 3GPP NR Band range has shifted to the following:
· FR1 below 7.125 GHz 
· FR2 above 24.25 GHz – 52.6 GHz

Observation 1
Based on the current range, some part of the satellite service allocated frequency bands for both GEO and NGSO fall outside of the FR1 and FR2 range. As shown in the diagram below, these include:
· Ka Band DL
· Ku Band UL and DL
[image: ]

To ensure these ranges can be addressed for NR-based satellite networks, we propose the following:
Proposal 1: Frequency bands allocated to satellite services above 10 GHz can be treated as FR2 band for consideration by RAN4 specification work
Proposal 2: “3GPP TR 38.820: NR; 7-24 GHz frequency range” can also be used as reference 
2.2 Satellite Operation in FDD Mode 
As allocated by ITU Radio Regulations and based on worldwide satellite operation and scenarios, the duplex mode will be FDD for NTN bands in the 7-24.25 GHz range.
[bookmark: _Hlk61598289]Proposal 3: New band definitions for NTN operating in frequencies in FR2 or FR2-like (7-24 GHz range) shall assume NTN operating in FDD mode.
2.3 UE Types 
In the revised WID “Solutions for NR to support non-terrestrial networks (NTN)” in RP-202908 [2], the following principle has been added
“VSAT” devices with external antenna (including fixed and moving platform mounted devices) at least in FR2 are supported for the RAN1-3 specifications. “VSAT” characteristics in TR 38.821 can be assumed for the RAN1-3 specifications.

Note that VSAT is a type of Fixed Satellite Services (FSS) that is generally set up for medium to long-term usage.
“VSAT” devices with a directive antenna, refer to “fixed or mounted” devices with the following power classes and capabilities highlighted in TR 38.821 [3] in Table 6.1.1.1-3: “UE characteristics for system level simulations”:

	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


3GPP TR 38.821: Table 6.1.1.1-3: UE characteristics for system level simulations
As described in RP-202732 [5], it shall be understood that moving platform mounted “VSAT” devices refer to ESOMP (Earth Station On Moving Platform) or ESIM (Earth Station In Motion) [4]. Moving platforms may refer to aircraft, ships/vessels, a fast train, or land vehicles.
In order to define the RF requirements for “VSAT” devices operating in Ka band, 3GPP RAN4 may consider the following harmonized standard developed by ETSI as in [7], [8], [9], and [10].
For “VSAT” devices, the following should be assumed:
· The user link (UE-satellite) is based on a Uu NR interface in FDD mode with DFT-s-OFDM in the uplink and CP-OFDM in the downlink.
· 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.
· 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.

Proposal 4: For bands above 6 GHz, “VSAT” UE including fixed/moving platform mounted ones are considered as baseline. The RF characteristics of “VSAT” UE in Table 6.1.1.1-3 in 3GPP TR 38.821 shall be assumed in the Rel-17 WI NR-NTN-solutions.

Conclusions
Proposal 1: Frequency bands allocated to satellite services above 10 GHz can be treated as FR2 band for consideration by RAN4 specification work.
Proposal 2: “3GPP TR 38.820: NR; 7-24 GHz frequency range” can also be used as reference.
Proposal 3: New band definitions for NTN operating in frequencies in FR2 or FR2-like (7-24 GHz range) shall assume NTN operating in FDD mode.
Proposal 4: For bands above 6 GHz, “VSAT” UE including fixed/moving platform mounted ones are considered as baseline. The RF characteristics of “VSAT” UE in Table 6.1.1.1-3 in 3GPP TR 38.821 shall be assumed in the Rel-17 WI NR-NTN-solutions.
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