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Introduction
In the RAN4#109 meeting, RAN4 achieved some progress for Ka band NTN UE RF requirements referring to the approved WF [1]. However, this work item was extent to one quarter as some of RF requirements [2] are incomplete. In last meeting, RAN4 agreed which types would be specified in Rel-18 as shown below.

	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.



· UE capabilities for Rel-18 NTN UE
· The following new UE capabilities will be specified
· Capability signalling to distinguish electronic or mechanical steering antenna
· Capability signalling to distinguish fixed or mobile VSAT
· Reuse the capability of NTN_ScenearioSuppot_R17 to distinguish LEO, GSO or both




However, the minimum EIS and maximum input level requirements are still open with some potential Way forward.


	
Issue 3-1  REFSENS requirements
Agreement for polarization assumption: 
· For polarization assumption for VSAT receiver requirement, the default assumption is single polarization 
· If VSAT is capable of both polarization reception at the same time, the delta_R [TBD] for diversity gain could be added;

Agreement for REFSENS: 
       For UE type 3 supporting with LEO only:    
· Link budget is based on the LEO600KM at [90] degree elevation angle and NF as 6dB;
     For UE types supporting with both GEO and LEO:
· Link budget is based on GEO assumption with [25] degree elevation angle  and NF as 2.5dB;

Issue 3-3: Maximum input power for NTN VSAT
Agreement :
       For UE type 3 supporting with LEO only:    
· Link budget is based on the LEO400KM at [90] degree elevation;
     For UE types supporting with both GEO and LEO:
· Link budget is based on LEO600KM at [90] degree elevation;






In this paper, we’d like to share our views about how to specify the minimum EIS and maximum input level requirements for UE type 3, i.e Fixed VSAT supporting LEO only with electronical steering antenna.

Discussion on how to derive EIS requirements for Ka band NTN UE
[bookmark: _Hlk158113722]Generally, there are many different implementations for Ka band NTN UE. The diameter of antenna for Ka band NTN UE is from 0.06 up to 1.2 meter. Except for that, the antenna efficiency is also different for different implementations. In addition, UE vendor can trade off between system temperature and Rx antenna gain, so the minimum EIS requirements can be used to verify the DL budget for LEO600 scenario.
However, on the other hand, we should specify the EIS requirements from UE implementation perspective.
Observation 1: generally, the EIS requirements were derived from UE implementation perspective, although it can be also used to verify the DL budget for LEO600 scenario.
Similarly, from UE implementation perspective, 0.13m effective antenna size can be assumed with the following potential implementation as an example.
Table 1 Potential implementation for Ka band NTN VSAT
	
	DL

	center frequency (GHz)
	17

	lamda (meter)
	0.0176 

	half lamda (meter)
	0.0088 

	effective antenna size (meter)
	0.13

	total element number
	225

	antenna element gain (dB)
	0

	array gain (dB)
	23.52 

	total antenna gain (dB)
	23.52 

	Noise figure (dB)
	6

	G/T (dB)
	-4.98 



It’s noted that 30 degree elevation angle is assumed with 0 dB element gain. For link budget verification, it’s proposed to assume 50MHz channel bandwidth. The reason is RAN4 is specifying the minimum requirements. For larger channel bandwidth configurations, SAN has to improve the output power in order to keep the transmitting PSD unchanged.
[bookmark: _Hlk158128191]The worst scenario was proposed with 30 degree elevation angle and around 1000km slant range for LEO600 by companies. If working group assumed this scenario as the worst scenario to derive the requirements, the key point is to guarantee the VSAT to access the cell with low data rate and narrow channel bandwidth. Thus, for this extreme scenario, QPSK 50MHz channel bandwidth are enough for consideration.
Observation 2: 50MHz channel bandwidth can be assumed to verify the DL link budget since RAN4 is specifying the minimum EIRP requirements. For larger channel bandwidth configurations, SAN has to improve the output power in order to keep the transmitting PSD unchanged.
Currently, 10dBw/MHz or 4dBw/MHz SAN EIRP density was assumed in TR 38.821 [3] during Rel-16. However, some real LEO systems deployed in the field support higher SAN EIRP performance. Referring to the paper [4], the following system performance were collected and compared.
Table 2 System Parameters for different LEO constellations
	
	Company 1
	Company 2
	Company 3

	Frequency (GHz)
	18.5
	13.5
	13.5

	EIRP (dBw)
	36.0
	34.6
	36.7



Observation 3: Some LEO systems deployed in the field can support 66.7dBm EIRP performance.
If 62dBm EIRP can be assumed for 30 degree elevation angle scenario for DL budget calculation, the result is shown below to get the DL received signal at OTA (effective isotropic received signal).
Table 3 The calculation of DL budget for LEO600 scenario
	
	LEO600

	NTN SAN EIRP (dBm)
	62

	Elevation angle (degree)
	30

	Slant range (km)
	1075

	center frequency (GHz)
	17

	freePathloss
	177.68

	VSAT DL Received signal level at OTA (dBm)
	-115.68



If -5dB G/T can be assumed to calculate the EIS requirements, the following calculation can be used to derived it.

BW is channel bandwidth.(candidate value: 50)
IM is implementation margin. 2dB can be assumed.
SNR is the required SNR for demodulation. -1dB can be assumed.
G/T: -5dB.
K: is Boltzmann constant, 1.38*10-23 J/K
Based on the calculation, the 50MHz EIS for fixed VSAT communicating with LEO only with electronical steering antenna is -115.6dBm, which is valid for DL link budget. 
Proposal 1: -5dB G/T is proposed to derive the EIS requirements for fixed VSAT communicating with LEO only with electronical steering antenna. -115.6dBm EIS for 50MHz or -132.6dBm EIS per MHz can be specified in the spec.
Discussion on maximum input level
If we assume 66dbm EIRP for SAN LEO400, the DL link budget is shown below for LEO400.
Table 5 the calculation of DL link budgets for LEO600
	
	LEO600

	SAN EIRP (dBm)
	66

	Distance (m)
	400000

	center frequency (GHz)
	17

	freePathloss
	169.1

	Received signal level at OTA (dBw)
	-133.09

	Received signal level at OTA (dBm)
	-103.09



Considering some margins, it’s proposed to specify -101dBm as OTA maximum input level for Ka band NTN UE.
Proposal 2: it’s proposed to specify -101dBm as OTA maximum input level for (type 3 UE) fixed VSAT supporting LEO only with electronical steering antenna.
Summary
Observation 1: generally, the EIS requirements were derived from UE implementation perspective, although it can be also used to verify the DL budget for LEO600 scenario.
Observation 2: 50MHz channel bandwidth can be assumed to verify the DL link budget since RAN4 is specifying the minimum EIRP requirements. For larger channel bandwidth configurations, SAN has to improve the output power in order to keep the transmitting PSD unchanged.
Observation 3: Some LEO systems deployed in the field can support 66.7dBm EIRP performance.

Proposal 1: -5dB G/T is proposed to derive the EIS requirements for fixed VSAT communicating with LEO only with electronical steering antenna. -115.6dBm EIS for 50MHz or -132.6dBm EIS per MHz can be specified in the spec.

Proposal 2: it’s proposed to specify -101dBm as OTA maximum input level for (type 3 UE) fixed VSAT supporting LEO only with electronical steering antenna.
References
[1] R4-2321974, WF on NTN UE RF requirement, ZTE, Samsung
[2] RP-233958, WI exception: NR NTN (Non-Terrestrial Networks) enhancements, 	THALES
[3] 3GPP TR 38.821, Solutions for NR to support non-terrestrial networks.
[4] A technical comparison of three low earth orbit satellite constellation systems to provide global broadband, Inigo del Portillo, Bruce G. Cameron, Edward F. Crawley
