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Introduction
In this paper, we continue to discuss the left open issues in UE Tx RF requirements in this NR-NTN enhancement topic.
Tx requirements
Minimum output power:
In the last #110 meeting, RAN4 agreed on the minimum peak EIRP together with several other TX requirements for NTN UE RF already. However, the minimum output power was left open without conclusions.
In minimum peak EIRP discussions, several principles were adopted to derive the final requirements. And the agreements for minimum EIRP requirements are as follows:
· For (type 3 UE) fixed VSAT supporting LEO only with electronical steering antenna, specify the minimum EIRP as 61 dBm under the assumption of 600km orbit.
· For (type 1,2,4,5 UE), specify the minimum EIRP as 70 dBm under the assumption of GSO.
From these agreements, it’s clearly that the LEO only VSAT (Type 3) Tx requirement was agreed to be built based on the minimum capability to reach LEO-600 SAN.
According to the the International Telecommunication Union – Radiocommunications Sector (ITU-R), the LEO was managed and defined for those orbits between 200 and 2,000 kilometres above earth surface. 
Which means, the product follows the minimum requirements can only reach the SAN operating between 200~600km LEO orbits.
Observation 1: The previous agreements on minimum EIRP for Type 3 VSAT clearly indicates the minimum requirements for Type 3 is specified based on the assumptions to guarantee the minimum performance with LEO 200~600 orbits, while the VSAT capable of connecting to LEO 600~2,000 orbits are not guaranteed and up to UE design.
Now, since this was agreed, we can follow this similar working assumptions to discuss the minimum output power for NTN VSAT. The following principles should be adopted first for the consideration of minimum output power:
· The SAN can be assumed to be located with 90-degree elevation angle;
· The VSAT can be assumed to be located at SAN nadir point, and it is the center of the SAN beam.

Table. 1 Differences between minimum EIRP and minimum output power
	Orbit
	LEO 600
	GSO

	Requirements
	Minimum EIRP
	Minimum Output power
	Minimum EIRP
	Minimum Output power

	Elevation angle
	30
	90
	30
	90

	Distance
	1075 km
	600 km
	38612 km
	35786 km

	Free space path loss
ITU-R P.525
	181.7 dB
	176.6 dB (-5.1 dB)
	212.8 dB
	212.1 dB (-0.7 dB)

	SAN Rx gain 
	35.5 dBi
	38.5 dBi (+3 dB)
	55.5 dBi
	58.5 dBi (+3dB)

	Deltas from minimum EIRP
	-
	-8.1 dB
	-
	-3.7 dB

	Minimum requirements
	61 dBm
	52.9 dBm
	70 dBm
	66.3 dBm



Considering the above deltas between two requirements, the minimum output power can be specified as follows:
· For (type 3 UE) fixed VSAT supporting LEO only with electronical steering antenna, specify the minimum output power as 52.9 dBm under the assumption of 600km orbit.
· For (type 1,2,4,5 UE), specify the minimum output power as 66.3 dBm under the assumption of GSO.

Proposal 1: Follow the same discussion assumption of minimum peak EIRP, the minimum output power can be specified as follows:
· For (type 3 UE) fixed VSAT supporting LEO only with electronical steering antenna, specify the minimum output power as 52.9 dBm under the assumption of 600km orbit.
· For (type 1,2,4,5 UE), specify the minimum output power as 66.3 dBm under the assumption of GSO.

Maximum output power of TRP
Given the OOBE and SE in the previous endorsed CR are specified based on TRP, the maximum output power in terms of TRP should be defined to make the requirements consistent.
Observation 2: The previous OOBE and SE requirements endorsed are based on TRP.
For the maximum EIRP requirements, the followings are adopted based on the simulation assumption and previous TR 38.811 and 38.821.
	Table 9.2.1.1-2: UE maximum output power limits for Fixed VSAT
	Operating band
	Max EIRP (dBm)

	n512, n511, n510
	76.2



Table 9.2.1.2-2: UE maximum output power limits for Mobile VSAT
	Operating band
	Max EIRP (dBm)

	n512, n511
	76.2






And if we follow the same assumptions, the maximum output power for TRP should be 3dBW or 33dBm.
	The following table is agreed for UE characteristics for System Level Simulations
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






VSAT with mechanical steering antenna (parabolic antenna):
The above mentioned assumptions was based on the structure of a VSAT with parabolic antenna, which means it is only applicable to the Type 1 and Type 4 UE of FR2-NTN.
Under this assumption, the TRP is 33 dBm and the maximum antenna gain towards the SAN should be 43.2 dBi as given in simulation assumption and previous TRs.
To reach this 43.2 dBi antenna gain, for a parabolic antenna, the VSAT requires a 60cm equivalent aperture diameter and approximately 60% antenna efficiency, which is a reasonable design and aligned with assumptions.
Observation 2: For NTN VSAT with parabolic antenna (i.e. with mechanical steering antenna), e.g. type 1 and type 4, if we take TR assumption of a circular aperture with 60cm equivalent diameter and 60% antenna efficiency, the 43.2 dBi antenna gain can be reached. 

Proposal 2: The maximum TRP for VSAT types with mechanical steering antenna can be specified as 33dBm/2W, which is same to the TR and co-ex assumptions.

VSAT with electronic steering antenna (phased-array antenna):
The beak down of the maximum EIRP to maximum TRP is not that clear for the phased-array VSAT, i.e. VSAT with electronic steering antenna. 
If we take a similar assumption as TN FR2 UE, the element gain is 5dBi, the maximum power per element is around 5 dBm, then we have the following deductions:
1) To reach 33 dBm TRP, the VSAT phased array requires 501 elements, approximately by a 22x24 phased array antenna.
2) To reach 43.2 dBi maximum antenna gain, the VSAT phased array requires 6607 elements, approximately by a 82x82 phased array antenna.

Considering the wavelength of 0.01m of operating frequency as 27GHz, to have half wavelength separation between elements to achieve this maximum antenna gain, the phased array aperture needs to be approximately 0.41m x 0.41m in area ideally for a 82x82 elements antenna. 
Observation 3: To reach the 43.2 dBi maximum antenna gain, assuming 5dBi and 5dBm per element, the phased array antenna requires 6607 (e.g. 82x82) elements and with a size of 0.41m x 0.41m.
Proposal 3-1: The maximum TRP for VSAT types with electronic steering antenna can be specified but depends on the assumption of antenna modelling and parameters, including maximum gain per element, maximum power per element, etc.
Proposal 3-2: The assumptions together with the antenna modelling, if provided to derive maximum TRP, should comply with the rest RF requirements, including maximum EIRP, off-axis EIRP limit, off-axis spurious emission, etc.
Conclusion
The following observations and proposals were submitted in this document for the meeting to discuss:
Minimum output power:
Observation 1: The previous agreements on minimum EIRP for Type 3 VSAT clearly indicates the minimum requirements for Type 3 is specified based on the assumptions to guarantee the minimum performance with LEO 200~600 orbits, while the VSAT capable of connecting to LEO 600~2,000 orbits are not guaranteed and up to UE design.
Proposal 1: Follow the same discussion assumption of minimum peak EIRP, the minimum output power can be specified as follows:
· For (type 3 UE) fixed VSAT supporting LEO only with electronical steering antenna, specify the minimum output power as 52.9 dBm under the assumption of 600km orbit.
· For (type 1,2,4,5 UE), specify the minimum output power as 66.3 dBm under the assumption of GSO.

Maximum output power of TRP
VSAT with mechanical steering antenna (parabolic antenna):
Observation 2: For NTN VSAT with parabolic antenna (i.e. with mechanical steering antenna), e.g. type 1 and type 4, if we take TR assumption of a circular aperture with 60cm equivalent diameter and 60% antenna efficiency, the 43.2 dBi antenna gain can be reached. 
Proposal 2: The maximum TRP for VSAT types with parabolic antenna (i.e. with mechanical steering antenna), e.g. type 1 and type 4, can be specified as 33dBm/2W, which is same to the TR and co-ex assumptions.

VSAT with electronic steering antenna (phased-array antenna):
Observation 3: To reach the 43.2 dBi maximum antenna gain, assuming 5dBi and 5dBm per element, the phased array antenna requires 6607 (e.g. 82x82) elements and with a size of 0.41m x 0.41m.
Proposal 3-1: The maximum TRP for VSAT types with phased array antenna (i.e. electronic steering antenna), e.g. Type 2, 3, 5, can be specified but depends on the assumption of antenna modelling and parameters, including maximum gain per element, maximum power per element, etc.
Proposal 3-2: The assumptions together with the antenna modelling, if provided to derive maximum TRP, should comply with the rest RF requirements, including maximum EIRP, off-axis EIRP limit, off-axis spurious emission, etc.

Draft CR proposal:
The R4-24xxxxx draft CR is proposed separately based on proposal 2.
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