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Introduction

The following Satellite 5G NR NTN (Non-Terrestrial Networks) technical documents have been approved at the 3GPP RAN-Plenary #96 (Budapest, 6th-9th of June 2022) for the Release-17 NTN satellite connectivity using FR1 S-band (n256) and FR1 L-band (n255):
· Technical Specification TS 38.108 (NR; Satellite Node radio transmission and reception);
· Technical Specification TS 38.101-5 (NR; User Equipment (UE) radio transmission and reception; Part 5: Satellite access Radio Frequency (RF) and performance requirements);
· Technical Report TR 38.863 (Non-terrestrial networks (NTN) related RF and co-existence aspects);

From Article 5 of the ITU Radio Regulations (RR) the mobile operation of ESIMs is also described in the following footnotes,
· 5.527A The operation of earth stations in motion communicating with the FSS is subject to Resolution 156 (WRC-15). (WRC-15)
· 5.517A The operation of earth stations in motion communicating with geostationary fixed-satellite service space stations within the frequency bands 17.7-19.7 GHz (space-to-Earth) and 27.5-29.5 GHz (Earth-to-space) shall be subject to the application of Resolution 169 (WRC-19). (WRC-19)  

NTN UE terminal types in bands above 10 GHz were discussed at RAN4#105 (see also R4-2220573, “WF on NTN UE RF requirements”) and in RAN4#105 Main session report. Thanks to these discussions, a few agreements have been formulated, such as:
	Agreement:
· For NTN UE with parabolic antenna, to define the conducted requirement and further discuss how to define radiated requirement for it (e.g. EIRP limits, etc)
Issue 4-2: For NTN UE with phase antenna array, radiated requirement only to be defined?
Agreement: 
· For NTN UE with phase antenna array if defined, only radiated requirements are to be specified.


This contribution therefore provides material for discussion with respect to NTN UE terminal types in above 10 GHz. The reader should also consider as reference the documents submitted in RAN4#106 AI 9.25.2 (see for instance R4-2302535, THALES) and in RAN#106-bis-e AI 9.27.2.
During RAN#106 main session, the following agreements have been made:
	Agreement: 
· Discuss whether and how to define the requirements for beam tracking for NTN UE.
Agreement: 
· Define the radiated requirement as the first priority.



However, there were also some issues with respect to UE types, UE type differentiation, beam correspondence requirements, satellite RF specific requirements for NTN UE. For all these reasons, is important to define a reference architecture for the NTN UE in above 10 GHz. One can further easily see that in some cases the discussions are not relevant since are related to implementation issue and should not be considered part of the standardization work.
Proposals from R4-2302527 (NTN UE Terminal Types for above 10 GHz, THALES) presented in RAN4#106 have been also re-submitted to this meeting.

Discussion with respect to UE NTN terminal
[bookmark: _Toc493127338]2.1	General aspects
All NTN UE antenna parameters have been adapted from TR 38.821 by considering the following parameters adapted to Ka-Band and decisions from RAN4#106 (updated with R4-2302998, WF for system parameters of above 10 GHz NTN band):
· Downlink frequency: 17.3 - 20.2 GHz
· Uplink frequency: 27.5 GHz - 30 GHz
· 60 cm antenna aperture diameter (2*a=60cm)
TR 38.821 presents VSAT UE as a more general description of NTN UE. There could further be different implementations (e.g. with parabolic, phased-array, hybrid antennas), however it seems there is not much difference between the characteristics of those NTN UE terminal types. Therefore, the current very small aperture terminal already covers different implementations and RAN4 could consider only one type of terminal for Ka-Band.
2.2	NTN UE with Parabolic antenna
Figure 1 shows the antenna pattern of a NTN UE transmit antenna reflector 0.6 m diameter and  operating at  28750 MHz. Figure 1 therefore shows an example with parabolic/dish antenna of 0.6 m diameter and  operating at  28750 MHz.
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Figure 1. Antenna gain pattern of a NTN UE transmit parabolic antenna operating at 28750 MHz (R4-2302527)
2.3	Phased Array Antenna
Figure 2 shows the antenna pattern of a NTN UE transmit antenna with , operating at  28750 MHz. Figure 2 here below shows an example with phased array antenna operating at 28750 MHz using a tapered illumination law.
[image: ]
Figure 2. Antenna gain pattern of a NTN UE transmit phased array antenna operating at 28750 MHz (R4-2302527)

With respect to the adjacent antenna lobes (i.e. adjacent antenna lobes to the main directional lobes, or secondary antenna lobes from the antenna radiation pattern), the following recommendation can be used (see [ITU-R S.465-6]):The following reference radiation patterns should be adopted for angles between the direction considered and the axis of the main beam for frequencies in the range from 2 to 31 GHz:

		G    32  –  25 log 		dBi		for  min          48°
		       –10				dBi		for    48°        180°

where:
	min    1° or 100 /D degrees, whichever is the greater, for D/ ≥ 50.
	min =  2° or 114 (D/)–1.09 degrees, whichever is the greater, for D/ < 50.


If one compares the ITU-R S.465-6 limit with the one of NTN UE using parabolic/dish antenna (as seen in Figure 1) or using phased-array antenna (as seen in Figure 2), one will easily notice that both NTN UE antenna characteristics (i.e. using parabolic/dish antenna or using phased-array antenna) respect the ITU-R S.465-6 limit.
In fact, the characteristics of NTN UE in above 10 GHz using Parabolic/Dish antenna or Phased-Array antenna are currently very similar. Both types of antennas can be considered for VSAT (Very Small Aperture Terminal) and should not be differentiated from each other as separate NTN types of terminals.
2.4	NTN UE terminal reference architecture for above 10 GHz
For the reasons mentioned in the introduction, is important to define a NTN UE terminal reference architecture for above 10 GHz, as represented in Figure 3, where:
· UC: Up-Converter;
· PA: Power Amplifier(s);
· LNA: Low Noise Amplifier(s);
· DC: Down-Converter;
· DP: Duplexer;
· ACU: Antenna Control Unit;
· Antenna: Active, Electronically or Hybrid Steered.
The UC and the PA can be part of a BUC. In this case, the BUC (Block Up-Converter) is part of the Transmission chain, and it includes Tx power amplifier. The LNA and the DC can be part of a LNB. In this case, LNB (Low-Noise Block down-converter) is part of the Reception chain, and it includes a low noise amplifier. RF represents the Radio Frequency region and IF the Intermediate Frequency region.
The interface between UE modem and BUC can be considered (for example) OpenBMIP and could control the amplifier power and band selection. The interface between UE modem and ACU can be considered (for example) OpenAMIP and could help to control the steering/switching of the antenna with respect to the satellite tracking. Parabolic/dish antenna design or active antenna design can be used. Steering can be performed electronically, mechanically or hybrid combinations of both. Other interfaces or potential implementations are not excluded.
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Figure 3. Generalized NTN UE terminal reference architecture for above 10 GHz

Proposal 7: RAN4 shall specify a generalized NTN UE terminal reference architecture for above 10 GHz as follows (the details can be left for implementation):
[image: ]
Note 1: The Up-Converter and the Tx Power Amplifier are part of the Transmission chain.
Note 2: The Rx LNA (Low-Noise Amplifier) and the Down-Converter are part of the Reception chain.
Note 3: RF represents the Radio Frequency region and IF the Intermediate Frequency region.
Note 4: DP is the Duplexer and ACU is the Antenna Control Unit.

Proposal 8: NTN UE beam steering, NTN UE beam switching capabilities, NTN UE beam switching granularity, NTN UE beam tracking capability or satellite beam tracking capability, etc. shall be left for implementation (and not part of 3GPP requirements).
Proposal 9: NTN UE beam steering, NTN UE beam switching capabilities, NTN UE beam switching granularity, NTN UE beam tracking capability or satellite beam tracking capability, etc. can be considered for implementation for example based on -3 dB NTN UE beam width and satellite constellation parameters (e.g. satellite orbit and velocity).
For the next proposals, please consider also the options discussed in R4-2302998, “WF for system parameters of above 10 GHz NTN band” (THALES).

Proposal 10: RAN4 should specify an optional method for the NTN UE or the Network to disable NTN UE UL transmission if and when required.
Proposal 11: NTN UE power can be used to differentiate different types of NTN UE depending on the deployment scenario (e.g. land, vessel, aircraft, etc) in concordance with regulatory requirements. However, in order to simplify the normalisation of NTN UE above 10 GHz, only one single NTN UE power class can be specified in Rel-18.
Proposal 12: The use or avoidance of specific spectrum sub-channels that overlap with FS services can be controlled on a per-UE basis by the Network resource allocation mechanisms taking into account whether the NTN UE is subject to coordinated or uncoordinated operation, NTN UE location in 3D space and any guard band that may be required.

Proposals resubmitted from R4-2302527
Proposal 1: Do not separate Parabolic/Dish antenna or Phased-Array antenna in different NTN UE-types definitions. RAN4 to consider Parabolic/Dish antenna or Phased-Array antenna in a single common NTN UE-type definition for above 10 GHz, since similar performance characteristics.
Proposal 2: Discuss possible differentiation of NTN UE types in above 10 GHz, based on RF parameters (noise figure, antenna gain and transmission power, or alternatively minimum EIRP in the peak direction, Effective Isotropic Sensitivity EIS, etc.).
Proposal 3: For NTN UE in above 10 GHz, RAN4 to define only radiated (on-axis) requirement.
Proposal 4: [Option 1] RAN4 to use the following NTN UE parameters:

Table 1. NTN UE Parameters
	NTN UE Parameters
	
	Tx (Uplink)
	Rx (Downlink)

	Polarisation
	 
	Circular
	Circular

	Low Frequency 
	(MHz)
	27 500
	17 700

	Centre frequency
	 
	28 750
	18 950

	High frequency
	 
	30 000
	20 200

	Efficiency
	 
	60%
	57%

	On-axis antenna gain at Fc
	(dBi)
	42,9
	39,0

	Output power at antenna input
	(W)
	2
	

	Output power at antenna input
	(dBW)
	3,0
	 

	Output loss
	(dB)
	-1,0
	 

	Peak EIRP (on-axis)
	 
	44,9
	 

	Receiver noise figure
	(dB)
	 
	1,2

	Feeder loss
	(dB)
	 
	-0,50

	Sky temperature
	(K)
	 
	30

	Ground temperature
	(K)
	 
	10

	Antenna temperature
	(K)
	
	40

	G/T figure of merit
	(dB/K)
	 
	16,5



NOTE1: T_a = T_Sky + T_Ground
NOTE2: The antenna temperatures are based on e.g. ITU-R Rec. P372 and Rec. P618.
NOTE3: T_sky is computed using [ITU-R Rec. P.618-13] as expressed below

	3	Noise temperature
As attenuation increases, so does emission noise. For earth stations with low-noise front-ends, this increase of noise temperature may have a greater impact on the resulting signal-to-noise ratio than the attenuation itself.
The sky noise temperature at a ground station antenna may be estimated by:
		Tsky = Tmr (1 – 10–A/10) + 2.7 × 10–A/10         K	(63)
where:
	Tsky :	sky noise temperature (K) at the ground station antenna
	A :	total atmospheric attenuation excluding scintillation fading (dB)
	Tmr :	atmospheric mean radiating temperature (K).





Proposal 5: [Option 2] RAN4 to use the following NTN UE parameters:

Table 2. NTN UE Parameters
	NTN UE Parameters
	
	Tx (Uplink)
	Rx (Downlink)

	Polarisation
	 
	Circular
	Circular

	Low Frequency 
	(MHz)
	27 500
	17 700

	Centre frequency
	 
	28 750
	18 950

	High frequency
	 
	30 000
	20 200

	Efficiency
	 
	60%
	57%

	On-axis antenna gain at Fc
	(dBi)
	42,9
	39,0

	Output power at antenna input
	(W)
	2
	

	Output power at antenna input
	(dBW)
	3,0
	 

	Output loss
	(dB)
	-1,0
	 

	Peak EIRP (on-axis)
	 
	44,9
	 

	Equivalent Receiver Noise Figure
	(dB)
	 
	2,1

	Feeder loss
	(dB)
	 
	-0,50






Proposal 6: It is assumed for the NTN capable UE operating in above 10 GHz that:
· the generated Rx/Tx beams are able to track the serving satellite as well as at least another neighbouring satellite;
· the rally time of (Rx and/or Tx) beam pointing between 2 satellites is considered negligible;
· the (Rx and Tx) beam pointing error are compliant with the relevant ETSI harmonized standard. (e.g. 
· EN 303 978    “Earth Stations on Mobile Platforms (ESOMP) transmitting towards satellites in geostationary orbit, operating in the 27,5 GHz to 30,0 GHz frequency bands”;
· EN 303 979    “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”).


Conclusions
Proposal 1: Do not separate Parabolic/Dish antenna or Phased-Array antenna in different NTN UE-types definitions. RAN4 to consider Parabolic/Dish antenna or Phased-Array antenna in a single common NTN UE-type definition for above 10 GHz, since similar performance characteristics.
Proposal 2: Discuss possible differentiation of NTN UE types in above 10 GHz, based on RF parameters (noise figure, antenna gain and transmission power, or alternatively minimum EIRP in the peak direction, Effective Isotropic Sensitivity EIS, etc.).
Proposal 3: For NTN UE in above 10 GHz, RAN4 to define only radiated (on-axis) requirement.
Proposal 4: [Option 1] RAN4 to use the following NTN UE parameters:

Table 1. NTN UE Parameters
	NTN UE Parameters
	
	Tx (Uplink)
	Rx (Downlink)

	Polarisation
	 
	Circular
	Circular

	Low Frequency 
	(MHz)
	27 500
	17 700

	Centre frequency
	 
	28 750
	18 950

	High frequency
	 
	30 000
	20 200

	Efficiency
	 
	60%
	57%

	On-axis antenna gain at Fc
	(dBi)
	42,9
	39,0

	Output power at antenna input
	(W)
	2
	

	Output power at antenna input
	(dBW)
	3,0
	 

	Output loss
	(dB)
	-1,0
	 

	Peak EIRP (on-axis)
	 
	44,9
	 

	Receiver noise figure
	(dB)
	 
	1,2

	Feeder loss
	(dB)
	 
	-0,50

	Sky temperature
	(K)
	 
	30

	Ground temperature
	(K)
	 
	10

	Antenna temperature
	(K)
	
	40

	G/T figure of merit
	(dB/K)
	 
	16,5




NOTE1: T_a = T_Sky + T_Ground
NOTE2: The antenna temperatures are based on e.g. ITU-R Rec. P372 and Rec. P618.
NOTE3: T_sky is computed using [ITU-R Rec. P.618-13] as expressed below

	3	Noise temperature
As attenuation increases, so does emission noise. For earth stations with low-noise front-ends, this increase of noise temperature may have a greater impact on the resulting signal-to-noise ratio than the attenuation itself.
The sky noise temperature at a ground station antenna may be estimated by:
		Tsky = Tmr (1 – 10–A/10) + 2.7 × 10–A/10         K	(63)
where:
	Tsky :	sky noise temperature (K) at the ground station antenna
	A :	total atmospheric attenuation excluding scintillation fading (dB)
	Tmr :	atmospheric mean radiating temperature (K).





Proposal 5: [Option 2] RAN4 to use the following NTN UE parameters:

Table 2. NTN UE Parameters
	NTN UE Parameters
	
	Tx (Uplink)
	Rx (Downlink)

	Polarisation
	 
	Circular
	Circular

	Low Frequency 
	(MHz)
	27 500
	17 700

	Centre frequency
	 
	28 750
	18 950

	High frequency
	 
	30 000
	20 200

	Efficiency
	 
	60%
	57%

	On-axis antenna gain at Fc
	(dBi)
	42,9
	39,0

	Output power at antenna input
	(W)
	2
	

	Output power at antenna input
	(dBW)
	3,0
	 

	Output loss
	(dB)
	-1,0
	 

	Peak EIRP (on-axis)
	 
	44,9
	 

	Equivalent Receiver Noise Figure
	(dB)
	 
	2,1

	Feeder loss
	(dB)
	 
	-0,50







Proposal 6: It is assumed for the NTN capable UE operating in above 10 GHz that:
· the generated Rx/Tx beams are able to track the serving satellite as well as at least another neighbouring satellite;
· the rally time of (Rx and/or Tx) beam pointing between 2 satellites is considered negligible;
· the (Rx and Tx) beam pointing error are compliant with the relevant ETSI harmonized standard. (e.g. 
· EN 303 978    “Earth Stations on Mobile Platforms (ESOMP) transmitting towards satellites in geostationary orbit, operating in the 27,5 GHz to 30,0 GHz frequency bands”;
· EN 303 979    “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”).

Proposal 7: RAN4 shall specify a generalized NTN UE terminal reference architecture for above 10 GHz as follows (the details can be left for implementation):
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Note 1: The Up-Converter and the Tx Power Amplifier are part of the Transmission chain.
Note 2: The Rx LNA (Low-Noise Amplifier) and the Down-Converter are part of the Reception chain.
Note 3: RF represents the Radio Frequency region and IF the Intermediate Frequency region.
Note 4: DP is the Duplexer and ACU is the Antenna Control Unit.

Proposal 8: NTN UE beam steering, NTN UE beam switching capabilities, NTN UE beam switching granularity, NTN UE beam tracking capability or satellite beam tracking capability, etc. shall be left for implementation (and not part of 3GPP requirements).
Proposal 9: NTN UE beam steering, NTN UE beam switching capabilities, NTN UE beam switching granularity, NTN UE beam tracking capability or satellite beam tracking capability, etc. can be considered for implementation for example based on -3 dB NTN UE beam width and satellite constellation parameters (e.g. satellite orbit and velocity).
Proposal 10: RAN4 should specify an optional method for the NTN UE or the Network to disable NTN UE UL transmission if and when required.



Proposal 11: NTN UE power can be used to differentiate different types of NTN UE depending on the deployment scenario (e.g. land, vessel, aircraft, etc) in concordance with regulatory requirements. However, in order to simplify the normalisation of NTN UE above 10 GHz, only one single NTN UE power class can be specified in Rel-18.
Proposal 12: The use or avoidance of specific spectrum sub-channels that overlap with FS services can be controlled on a per-UE basis by the Network resource allocation mechanisms taking into account whether the NTN UE is subject to coordinated or uncoordinated operation, NTN UE location in 3D space and any guard band that may be required.
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