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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 EIRP requirements are still open with some potential Way forward.


	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.





In this paper, we’d like to share our views about how to specify the minimum EIRP requirements for UE type 3, i.e Fixed VSAT supporting LEO only with electronical steering antenna. In addition, it’s proposed to discuss the feature list based on the approved LS in last meeting.

Discussion on minimum EIRP requirements
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 TRP and antenna gain, so the minimum EIRP requirements can be used to verify the UL budget for LEO600 scenario. 
[bookmark: _Hlk158114109][bookmark: _Hlk158047545]From UE implementation perspective, 0.13m effective antenna size can be assumed with the following potential implementation as an example.
[bookmark: _Hlk158114209]Table 1 Potential implementation for Ka band NTN VSAT
	
	UL

	center frequency (GHz)
	27

	lamda (meter)
	0.0111 

	half lamda (meter)
	0.0056 

	effective antenna size (meter)
	0.13

	total element number
	576

	antenna element gain (dB)
	0

	array gain (dB)
	27.60 

	total antenna gain (dB)
	27.60 

	Output power per element (dBm)
	5

	Total EIRP
	60.21 



[bookmark: _Hlk158114279]It’s noted that 30 degree elevation angle is assumed with 0 dB element gain. Currently, RAN4 has agreed the EIS requirements for LEO SAN as -120dBm ~ -129dBm assuming 50MHz channel bandwidth. For link budget verification, it’s proposed to assume 50MHz channel bandwidth. The reason is RAN4 is specifying the minimum EIRP requirements. For larger channel bandwidth configurations, VSAT has to improve the output power in order to keep the transmitting PSD unchanged. 
[bookmark: _Hlk158122145]Observation 1: 50MHz channel bandwidth can be assumed to verify the UL link budget since RAN4 is specifying the minimum EIRP requirements. For larger channel bandwidth configurations, VSAT has to improve the output power in order to keep the transmitting PSD unchanged.
[bookmark: _Hlk158122114]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.


[bookmark: _Hlk158128283]The calculation of UL budget is shown below to get the UL received signal at OTA (effective isotropic received signal).
[bookmark: _Hlk158128300]Table 2 The calculation of UL budget for LEO600 scenario
	
	LEO600

	NTN VSAT EIRP (dBm)
	60.21

	Elevation angle (degree)
	30

	Slant range (km)
	1075

	center frequency (GHz)
	27

	freePathloss
	181.70

	SAN UL Received signal level at OTA (dBm)
	-121.49



[bookmark: _Hlk158110732]Referring to the endorsed draft CR [3], RAN4 has agreed to specify LEO SAN EIS with Range -120dBm to -129dBm. It’s highlighted that 2dB implementation margin was also included when RAN4 calculated the LEO SAN EIS requirements. Generally, the SAN UL effective isotropic received signal calculated in table 2 is higher than the REFSENS with 0~2dB G/T receiver.
Observation 2: when UE EIRP is 60dBm, the UL SNR is still enough to guarantee the UL link budget for SAN LEO600.
Referring to the LS [4] from 5GAA, some technical requirements for Ka band NTN terminals with beamforming flat antenna were provided in last RAN plenary meeting. 62dBm~69.5dBm EIRP was recommended.
Observation 3: from 5GAA perspective, the minimum EIRP can not be higher than 62dBm.
Proposal 1: For (type 3 UE) fixed VSAT supporting LEO only with electronical steering antenna, it’s proposed to specify the minimum EIRP as 60dBm.
Discussion on feature list
Based on the approved LS [5] in last meeting, RAN4 has agreed to introduce new features, i.e. electronic/ mechanical steering antenna and fixed / mobile VSAT. Thus, it’s proposed to include the following NTN features as Annex into feature list.
Proposal 2: to include the NTN features electronic/ mechanical steering antenna and fixed / mobile VSAT as Annex into feature list.
Summary
Observation 1: 50MHz channel bandwidth can be assumed to verify the UL link budget since RAN4 is specifying the minimum EIRP requirements. For larger channel bandwidth configurations, VSAT has to improve the output power in order to keep the transmitting PSD unchanged.
Observation 2: when UE EIRP is 60dBm, the UL SNR is still enough to guarantee the UL link budget for SAN LEO600.
Observation 3: from 5GAA perspective, the minimum EIRP can not be higher than 62dBm.
Proposal 1: For (type 3 UE) fixed VSAT supporting LEO only with electronical steering antenna, it’s proposed to specify the minimum EIRP as 60dBm.
Proposal 2: to include the NTN features electronic/ mechanical steering antenna and fixed / mobile VSAT as Annex into feature list.
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Annex


3GPP
	Features
	Index
	Feature group
	Components

	Prerequisite feature groups
	Need for the gNB to know if the feature is supported
	Applicable to the capability signalling exchange between UEs (V2X WI only)”.
	Consequence if the feature is not supported by the UE
	Type
(the ‘type’ definition from UE features should be based on the granularity of 1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC)
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	40.NR_NTN_enh
	40-1
	VSAT UE type in NTN
	Support of fixed or mobile VSAT (Very Small Aperture Terminal) UE type
a) Type 1: a fixed VSAT, which is allowed to access to a cell for MSS (mobile satellite service) or FSS (fixed satellite service) from regulation perspective.
b) Type 2: a mobile VSAT, which is allowed to access to an MSS cell from regulation perspective.
A VSAT (Very Small Aperture Terminal) UE as defined in TS 38.101-5 must indicate support of this capability with only one type. If this capability is absent, a mobile VSAT is supported by default.
	
	Yes
	N/A
	The network doesn’t know the VSAT UE type and cannot decide whether it’s allowed to handover this UE to an FSS cell.
	Per UE
	N/A
	N/A
	N/A
	Support receiving access control indication in system information
	Optional with capability signalling

	40.NR_NTN_enh
	40-2
	Beam steering 
	Support of beam steering capability
a) Type 1: Fully electronically-steered beam UEs
b) Type 2: Fully mechanically-steered beam UEs
A VSAT (Very Small Aperture Terminal) UE as defined in TS 38.101-5 must indicate support of this capability with only one type.
	
	Yes 
	N/A
	Beam steering is not supported. 
	Per-band
	FDD only
	N/A
	N/A
	The capability is not applicable for UE other than VSAT.
	Optional with capability signaling




