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Introduction
In the RAN4#108 meeting, a WF [1] on UE RF requirements for NR NTN was approved with some progress of noise figure for NTN UE and UE types from mobility perspective. 

	Issue 1-1: Differentiate UE types from mobility perspective
Agreement:
· Define two set of requirement for fixed and mobile VSAT 
· Differentiate the electronic and mechanical steering for both fixed and mobile VSAT
· Strive to minimize the number of different requirements.
Issue 1-2: Phase antenna array
FFS





	Issue 2-1:  Noise figure 
Agreement:
· Define two sets of requirements 
· Two sets of noise figures
· Set #1: 2.5dB for LEO and GEO
· Set #2: 6dB only for LEO
· [Apply to test based on UE declaration for G/T which is used to derive EIS requirements].




In this paper, we’d like to discuss how to differentiate different types of NTN UE and how to derive the RF requirements for minimum EIRP, EIS and maximum input level.
Discussion on how to differentiate different types of NTN UE
Based on the agreements in the RAN4#108 meeting, RAN4 has agreed to specify two set of requirements for fixed and mobile VSAT. It is different for specific region whether mobile NTN UE is allowed to be deployed in specific frequency range and satellite orbit. It’s better for SAN to broadcast such information to guarantee UE in Ka band to comply with regulatory. In addition, UE should report the corresponding capability whether the NTN UE in Ka band is a mobile VSAT or a fixed VSAT. There are the following advantages:
1) As RAN4 has agreed to specify two set of requirements for fixed and mobile VSAT, this capability can be used to certify different types of NTN UE by using different sets of requirements.
2) For the fixed or mobile VSAT, SAN can optimize the deployment for different types of UE in Ka band, e.g. cell switching, beam management and DL/UL channel measurement.
3) Since SAN should comply with the regulation when SAN deploys Ka band NTN UE to do Cell reselection or cell switching, this capability (a mobile VSAT or a fixed VSAT) can help SAN configure UE in the proper satellite network. E.g. SAN can’t configure a mobile VSAT into an FSS network.
4) Before Ka band NTN UE trigger a PRACH signal, SAN can broadcast whether it’s an FSS network or MSS network.
Based on the advantages mentioned above, it’s proposed to specify a UE capability to distinguish a mobile VSAT or a fixed VSAT in Ka band.
Proposal 1: To specify a UE capability and a network IE to distinguish a mobile VSAT or a fixed VSAT in Ka band.
In addition, RAN4 has agreed to differentiate the electronic and mechanical steering for a mobile VSAT or a fixed VSAT. In LS [2], the RRM requirements need to cover the following UE architectures.
	· The requirements need to cover the following UE architectures
· Fully electronically-steered beam UEs (Type 1)
· Fully mechanically-steered beam UEs (Type 2)
· FFS if additional types of UEs shall be considered and subject to RAN4 RF session conclusions
· Aim to reuse Rel-17 NR NTN requirements to the extent possible, except for beam sweeping aspects. 
· For Type 1 UEs the impact of beam sweeping on RRM requirements can be accounted for based on FR2-1 requirements in terms of scaling principles.
· For Type 2 UEs additional studies are required to identify the methodology to define the requirements



From RF perspective, the RF requirements for electronically-steered beam UEs and mechanically-steered beam UEs are different especially for the off-axis EIRP requirements which were mentioned in the contribution [3]. In addition, electronically-steered beam UEs and mechanically-steered beam UEs have different performance on beam sweeping and need different deployment strategy. Thus, it’s proposed to specify a UE capability to distinguish electronically-steered beam UEs (Type 1) and mechanically-steered beam UEs (Type 2).
Proposal 2: To specify a UE capability to distinguish electronically-steered beam UEs (Type 1) and mechanically-steered beam UEs (Type 2) due to the potential different off-axis EIRP requirements.
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 guarantee the UL budget for LEO600 scenario. The calculation of UL budget is shown below.

Table 1 The calculation of UL budget for LEO600 scenario
	
	LEO600

	NTN UE EIRP (dBw)
	30

	Distance (m)
	600000

	center frequency (GHz)
	27

	freePathloss
	176.6403

	Received signal level at OTA (dBw)
	-146.64

	k
	1.38E-23

	10log10(k)
	-228.601

	BW/MHz
	200

	spectrum utilization
	0.95

	SAN G/T (dB/K)
	5

	SNR
	4.173373



Observation 1: when UE EIRP is 60dBm, the UL SNR can still reach 4.2dB for LEO600.
Proposal 3: For fixed VSAT communicating with LEO only with electronical steering antenna, it’s proposed to specify the minimum EIRP as 60dBm.
Discussion on how to derive EIS requirements for Ka band NTN UE
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,
[bookmark: _Hlk142475058]Except for the different diameters of antenna and antenna efficiency for Ka band NTN UE, noise figure can be different for different implementation as we have agreed in last meeting. Based on the calculation, we can get the G/T according to the following equation G/T = Ga – NF – 10*LOG (To+(Ta-To)/(100.1*NF)). The assumed parameters are listed below for different G/T in different implementations.

Table 2 The assumed parameters for different G/T in different implementations
	Diameter of Antenna (m)
	1.2
	0.6
	0.1
	0.06

	The radius of antenna (m)
	0.6
	0.3
	0.05
	0.03

	S physical area (m^.2)
	1.130973
	0.2827433
	0.007854
	0.002827

	center frequency (GHz)
	17
	17
	17
	17

	Lamda (m)
	0.017647
	0.0176471
	0.017647
	0.017647

	Antenna efficiency (eta)
	0.6
	0.6
	0.4
	0.4

	Ga Antenna gain
	44.37469
	38.354088
	21.03015
	16.59318

	Noise Figure /dB
	3.5
	4.5
	6
	6

	T0/K
	290
	290
	290
	290

	Ta/K
	150
	150
	150
	150

	G/T
	15.40266
	8.5434667
	-10.09091
	-14.5279



Observation 2: The range of G/T is about -15dB/K to 15dB/K to cover different implementations for Ka band NTN UE.
Different system parameters can result different DL link budget. If we assume 40dbw EIRP for SAN LEO600, the DL link budget is shown below for LEO600.
Table 3 the calculation of DL link budgets for LEO600
	
	LEO600

	SAN EIRP (dBw)
	40

	Distance (m)
	600000

	center frequency (GHz)
	17

	freePathloss
	172.622

	Received signal level at OTA (dBw)
	-132.6

	k
	1.38E-23

	10log10(k)
	-228.6

	BW/MHz
	50

	spectrum utilization
	0.95

	G/T (dB/K)
	-15

	SNR
	4.219



It’s observed that -15dB/K G/T can achieve 4.2dB SNR for LEO600 scenario. That means the NTN UE in Ka band can achieve a good performance.
Observation 3: -15dB/K G/T can still achieve 4.2dB SNR for LEO600 scenario.
The EIS can be derived based on the following calculations.

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.
NF: 6dB based on the agreement.
G: 17dBi can be assumed.
Based on the calculation, the 50MHz EIS for fixed VSAT communicating with LEO only with electronical steering antenna is -107dBm.
Proposal 4: For fixed VSAT communicating with LEO only with electronical steering antenna, it’s proposed to specify the minimum EIS as -107dBm for 50MHz channel bandwidth.
Discussion on maximum input level
If we assume 40dbw EIRP for SAN LEO600, the DL link budget is shown below for LEO600.
Table 4 the calculation of DL link budgets for LEO600
	
	LEO600

	SAN EIRP (dBw)
	40

	Distance (m)
	600000

	center frequency (GHz)
	17

	freePathloss
	172.622

	Received signal level at OTA (dBw)
	-132.6

	Received signal level at OTA (dBm)
	-102.6



Considering some margins, it’s proposed to specify -100dBm as OTA maximum input level for Ka band NTN UE.
Proposal 5: it’s proposed to specify -100dBm as OTA maximum input level for Ka band NTN UE.
Summary
Proposal 1: To specify a UE capability and a network IE to distinguish a mobile VSAT or a fixed VSAT in Ka band.
Proposal 2: To specify a UE capability to distinguish electronically-steered beam UEs (Type 1) and mechanically-steered beam UEs (Type 2) due to the potential different off-axis EIRP requirements.
Observation 1: when UE EIRP is 60dBm, the UL SNR can still reach 4.2dB for LEO600.
Proposal 3: For fixed VSAT communicating with LEO only with electronical steering antenna, it’s proposed to specify the minimum EIRP as 60dBm.
Observation 2: The range of G/T is about -15dB/K to 15dB/K to cover different implementations for Ka band NTN UE.
Observation 3: -15dB/K G/T can still achieve DL 4.2dB SNR for LEO600 scenario.
Proposal 4: For fixed VSAT communicating with LEO only with electronical steering antenna, it’s proposed to specify the minimum EIS as -107dBm for 50MHz channel bandwidth.
Proposal 5: it’s proposed to specify -100dBm as OTA maximum input level for Ka band NTN UE.
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