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Introduction
In the previous RAN4 #109 meeting, most Tx and Rx requirements for NTN-enh UE were discussed and determined, but the minimum EIRP requirements were still open.
In our previous paper [1], we provided our calculation and proposal for the meeting to determine the minimum EIRP requirements for NTN UE. And in the WF of #109 meeting [2], there were some high level agreements achieved to further discuss this requirement.
Discussions on minimum peak EIRP requirements
Agreement in #109 [2]:
	Issue 1-1 NTN UE power class/types definition 
Agreement: 
· Define the requirements based on the following UE types
	UE class
	UE type
	Type description

	Fixed VSAT
	1
	Fixed VSAT supporting GSO and LEO with mechanical steering antenna.

	
	2
	Fixed VSAT supporting GSO and LEO with electronical steering antenna.

	
	3
	Fixed VSAT supporting LEO only with electronical steering antenna.

	Mobile VSAT
	4
	Mobile VSAT supporting GSO with mechanical steering antenna.

	
	5
	Mobile VSAT supporting GSO with electronical steering antenna.

	Note: Assuming that UE has single beam towards one single satellite at a given time.



Issue 1-2: Mapping between NF and NTN UE power class/types 
Agreement:
  Fixed VSAT:
                             Electronic steering
                                             Class 1: 2.5 dB NF  (LEO and GSO)
                                             Class 2: 6 dB NF  (LEO only)
Mechanical steering
                                             Class 1: 2.5 dB NF  (LEO and GSO)
 
  Mobile VSAT:
                              Electronic steering
                                             Class 1: 2.5 dB NF  (GSO)
                              Mechanical steering
                                             Class 1: 2.5 dB NF  (GSO)

Issue 2-2: Transmit power assumption for each UE types
Agreement:
· for each UE type, single value for minimum EIRP limit for certain elevation angle and FFS for the exact value; 
· If UE is capable of communicating with both GSO and LEO, to follow the minimum EIRP for worse case.



From the above agreements, we understand the minimum EIRP requirements were agreed to be specified with following aspects:
· Antenna steering types;
· Noise figure class;
· Elevation angle;
· Orbit altitudes.

For the ‘elevation angle’ consideration, 
· the VSAT UE would require higher Tx power to compensate the increased pathloss due to increased communication distance and higher atmospheric loss under lower elevation angle assumptions. 
· Also the VSAT UE is more likely to be in the cell edge area in lower elevation angle, which caused the decreased Rx antenna gain from SAN side.
With these, we find the minimum elevation angle would be the worst case for a VSAT UE to be specified for a minimum EIRP requirement for deployment.
Observation 1: The worst case of minimum EIRP requirements for VSAT UE would be specified under minimum elevation angle required (or claimed) in its network deployment.

For the ‘orbit altitudes’ consideration, if a VSAT UE can communicate with both GSO and LEO, we use following method to determine which should be the worst case for a VSAT UE. 
Table 2.1-1 VSAT UE supporting both LEO and GSO (with NF as 2.5)
	Orbit
	LEO 600
	LEO 1200
	GSO

	Elevation angle (VSAT)
	30 deg
	90 deg
	30 deg
	90 deg
	30 deg
	90 deg

	Distance (VSAT-SAN)
	1075 km
	600 km
	1999 km
	1200 km
	38612 km
	35786 km

	Free space path loss
ITU-R P.525
	181.7 dB
	176.6 dB
	187.1 dB
	182.7 dB
	212.8 dB
	212.1 dB

	Other propagation losses (atmospheric and others)
	2 dB

	Noise Figure
	2.5 dB (supporting both LEO and GSO)

	BW
	200 MHz

	Target SNR
	-1 dB

	SAN Rx gain 
(-3dB at cell edge)
	35.5 dBi
	35.5 dBi
	55.5 dBi

	Required minimum EIRP
	58.7 dBm
	53.6 dBm
	64.1 dBm
	59.7 dBm
	69.8 dBm
	69.2 dBm



Table 2.1-2 VSAT UE supporting LEO only (with NF as 6)
	Orbit
	LEO 600
	LEO 1200

	Elevation angle (VSAT)
	30 deg
	90 deg
	30 deg
	90 deg

	Distance (VSAT-SAN)
	1075 km
	600 km
	1999 km
	1200 km

	Free space path loss
ITU-R P.525
	181.7 dB
	176.6 dB
	187.1 dB
	182.7 dB

	Other propagation losses (atmospheric and others)
	2 dB

	Noise Figure
	6 dB

	BW
	200 MHz

	Target SNR
	-1

	SAN Rx gain 
(-3dB at cell edge)
	35.5 dBi
	35.5 dBi

	Required minimum EIRP
	62.2 dBm
	57.1 dBm
	67.6 dBm
	63.2 dBm



From the calculation above, we propose that a VSAT UE supporting both GSO and LEO should have a minimum peak EIRP level of 69.8 dBm regardless of whether it’s a mechanical steering or electronic steering UE. The EIRP level at its wanted direction (i.e. to the SAN direction) should be higher than this minimum requirement in order to reach its SAN under the assumption of minimum elevation angle as 30 degree.

From the calculation above, we propose that a VSAT UE supporting LEO only should have a minimum peak EIRP leel of 67.6 dBm at its wanted direction regardless of whether it’s a mechanical steering or electronic steering UE.

Proposal 1: The minimum peak EIRP for fixed VSAT UE supporting both GSO and LEO (UE Type 1 and 2) can be specified as [69.8] dBm plus implementation loss. And it should be noted that such requirement is derived based on minimum elevation angle as 30 degree.
Proposal 2: The minimum peak EIRP for fixed VSAT UE supporting LEO only (UE Type 3) can be specified as [67.6] dBm plus implementation loss. And it should be noted that such requirement is derived based on minimum elevation angle as 30 degree.
Proposal 3: The minimum peak EIRP for mobile VSAT UE supporting GSO (UE Type 4 and 5) can be specified as [69.8] dBm plus implementation loss. And it should be noted that such requirement is derived based on minimum elevation angle as 30 degree.

With the above, the proposal 1~3 can be transferred to the following table:
Table 2.1-3 VSAT UE minimum peak EIRP
	UE type
	Type description
	Minimum peak EIRP requirements

	1
	Fixed VSAT supporting GSO and LEO with mechanical steering antenna.
	[69.8] dBm + Implement loss

	2
	Fixed VSAT supporting GSO and LEO with electronical steering antenna.
	[69.8] dBm + Implement loss

	3
	Fixed VSAT supporting LEO only with electronical steering antenna.
	[67.6] dBm + Implement loss

	4
	Mobile VSAT supporting GSO with mechanical steering antenna.
	[69.8] dBm + Implement loss

	5
	Mobile VSAT supporting GSO with electronical steering antenna.
	[69.8] dBm + Implement loss



Conclusion
The following observations and proposals were submitted in this document for the meeting to discuss:
Observation 1: The worst case of minimum EIRP requirements for VSAT UE would be specified under minimum 
Proposal 1: The minimum peak EIRP for fixed VSAT UE supporting both GSO and LEO (UE Type 1 and 2) can be specified as [69.8] dBm plus implementation loss. And it should be noted that such requirement is derived based on minimum elevation angle as 30 degree.
Proposal 2: The minimum peak EIRP for fixed VSAT UE supporting LEO only (UE Type 3) can be specified as [67.6] dBm plus implementation loss. And it should be noted that such requirement is derived based on minimum elevation angle as 30 degree.
Proposal 3: The minimum peak EIRP for mobile VSAT UE supporting GSO (UE Type 4 and 5) can be specified as [69.8] dBm plus implementation loss. And it should be noted that such requirement is derived based on minimum elevation angle as 30 degree.

Reference
[1] R4-2319179, “Discussions on NTN UE RF”, Samsung
[2] R4-2321974, “WF on NTN UE RF requirements”, ZTE, Samsung


