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Introduction
Despite ongoing discussions in RAN4, the UE NF for Ka band NTN UE has not yet been agreed.  Satellite companies have been encouraged to provide input on the UE receiver architecture and characteristics, specifically Noise Figure (NF) and losses. 
This paper is aimed at answer this question by looking at typical satellite user terminal receiver architecture, providing some example component noise figure and implementation loss values, as well as other baseline assumptions that can be used to derive system noise figure for an NTN UE in Ka band, and generalized for any ”directional” NTN UE above 10 GHz, currently known in satellite communications today as Very Small Aperture Terminal (VSAT).
We also survey a number of commercially available VSATs from various sources and derive their corresponding system noise figures.
NTN UE Receiver Characteristics
Receiver Architecture and Losses
As a general observation, a 3 dB front-end or feed loss before the LNA is extremely high for any type of satellite communications receiver.   Typically, a value of around 0.1 or less, to 0.2 dB feed loss can be assumed (not shown in the figure below), depending on feed architecture, with an additional duplexer loss of around 0.25 dB (maximum 0.3 dB).  From the Figure 1 shown below, a worst case of 0.3 dB receiver loss introduced by the Diplexer can be seen.  The value of 0.5 dB from the table in TR 38.821 can already be considered a worst-case value that can include all the losses before the LNA.
The following is an example receiver architecture for a typical Ka band VSAT transceiver (XCVR) comprehensive of receiver chain.  This particular receiver is used for a number of different applications including consumer residential broadband in the Viasat Ka band GEO network.  Losses in the feed are not shown, but can be assumed to be negligible, or in the order of 0.1 dB or less.
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Figure 1 - Transceiver Architecture for Ka band residential broadband VSAT
Observation 1:  Typical feed losses in commercial VSAT implementations are in the order of 0.2 dB or less, with typical duplexer/diplexer losses accounting for additional 0.25-0.3 dB loss at worst. 
Proposal 1: A maximum value of 0.5 dB as total loss before the LNA should be considered as the worst case for reference.
In this paper we are not submitting specific data for phased array-based terminals, however, some information is available in the literature.  Generally speaking, the main contributions in terms of noise figure are determined by the NF of the beamforming IC (BFIC).
A survey paper on LEO VSAT terminals with phased array antennas assumes also that a 3dB array scan loss might need to be taken into account.  We consider this to be a reasonable assumption, but dependent on implementation, therefore we would like to encourage further discussion.
Proposal 2: FFS whether and how an array scan loss of potentially up to [3] dB should be taken into account for phased array implementations.
LNA/LNB Noise Figure (NF)
Here, we provide some example noise figure values based on commercially available Ka band Low Noise Amplifier (LNA) and Low Noise Block (LNB) products for both residential, enterprise and maritime applications.  The values are based on both public and internal (non-public) technical datasheets.  One of the products listed (#1), is currently discontinued and has been replaced by a newer product (#2).
	#
	LNA/LNB
	LNB NF (dB) @ all env.
	LNA NF
	Includes Duplexer/Diplexer and feed losses

	1
	GX-R1 NJR2825  (Maritime, Land Portable)
http://www.satcomsource.com/NJRC-NJR2825-Inmarsat-Global-Express-Ka-Band-LNB.pdf
	1.6
	
	No

	2
	GX-R2 NJT8430 (Maritime, Land Portable)
	2.0
	
	Yes

	3
	Viasat Residential Broadband XCVR
	1.6-1.8
	1.2-1.4
	Yes

	4
	Viasat Commercial Aviation XCVR
	1.6
	
	Yes (additional losses expected in antenna feed)



The Viasat Residential Broadband XCVR (#3) is manufactured to Viasat’s spec, therefore the specifications are not public.  The NF for this XCVR varies depending on the manufacturing process and a number of other factors, but the difference in LNA NF vs total XCVR NF can be seen from the table, as well as in Figure 1.   As a reference, the component cost of the discrete LNA used in (#3) is $0.25, without accounting for large economies of scale.
Observation 2:  A 1.2-1.4 dB LNA NF can be easily achieved for a very low cost discrete LNA suitable for mass-market applications, with a corresponding system (transceiver) NF of 1.6-1.8 dB.
Proposal 3: Consider a 1.2-1.4 dB LNA NF as a reference.
Antenna and Sky Temperature
The antenna temperature for a satellite communications system with highly-directional antenna is dominated by the sky temperature (Tsky) and in much lesser part ground temperature (Tground) if the terminal is close to the ground, since the receiver is expected to primarily be pointed towards the sky. For aeronautical terminals, Tground is expected to be negligible.  In satellite communications, it’s quite common to use 50K or 60K as a reference value for clear sky conditions that falls in between the best and worst case performance, therefore many VSAT terminal datasheets use 50K or 60K as underlying assumption. 
For land terminals, however, since the NTN UE is expected to operate at different elevation angles and the noise temperature of the Earth is higher, the antenna temperature becomes a function of the elevation angle, in addition to the frequency.  RECOMMENDATION ITU-R P.372-7 (Radio noise) [2] provides a table to identify the correct temperature value, taking into account the impact of ground temperature.  Whilst ground station antennas do sometimes operate at elevation angles below 5 degrees, an NTN UE is not reasonably expected to operate at elevation angles below 10 degrees, and, if we take the DL portion of the Ka-band reference frequency (e.g. n512), we have a maximum DL frequency value of 20.2 GHz.
Thus, from the ITU-R source, the peak noise temperature value @ 20.2 GHz is around 50K for 20 degrees elevation and 85K for 10 degrees elevation. 
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Figure 2 - Sky temperature values by frequency and elevation from ITU-R P.352-7 [2]
If we compare this to the antenna temperature value of 150K assumed in other analysis such as , it is likely that the. 
Observation 3: A value of Tant of 150K is not aligned with real world assumptions and ITU-R recommendations.  Values ranging from 50-60K (average clear sky conditions) to an absolute worst case of 85K for 10 degree elevation should be assumed.
Proposal 4: Adopt a reference value of Tant between 50K-60K (average case) and 85K (worst case at 10 deg elevation). FFS for exact value.
NF of example VSAT Terminals
The following table lists some example VSAT satellite terminals commercially available on the market, operating in Ka band (n512) and their respective receiver performance.  The terminals represent a mix of parabolic and phased arrays, with apertures ranging from 30 cm equivalent to 1.2m, and are selected across consumer residential, enterprise, maritime, aeronautical and military for mobile, fixed and nomadic use cases.
In characterizing the performance of a satellite receiver, typically, the main parameter of interest is the so-called Antenna-gain-to-noise-temperature (), expressed in .   This parameter is usually found in most satellite terminal datasheet as can be seen below.   The G/T parameter allows UE manufacturers flexibility in trading off aspects of the system design in order to achieve the given performance requirement.  
The example user terminals below are listed with their corresponding G/T values and Rx antenna Gain values, when available or, for parabolic reflectors, easily calculated.  For phased array implementations, we were able to retrieve antenna gain values with one exception.  
We then use the methodology described above and adopted by R4-2309508 to calculate possible Noise Figure (NF) values for these example VSAT terminals, where both G/T and antenna Gain values (or equivalent aperture) are available.
The NF values are calculated based on two different Tant values, of 85K and 50K respectively.
	#
	Terminal
	Type/Aperture
	G/T (dB/K) 
@ 10 deg elev
	Rx Ant Gain (dBi) 
@19.7 GHz
	NF @ Tant 85K
	NF @ Tant 50K

	1
	https://www.navarino.co.uk/wp-content/uploads/2022/02/SAILOR-60-GX-R2-product-sheet_a4_lowres.pdf
	Parabolic 65 cm
	17.2
	40.4
	1.55
	1.90

	2
	https://www.inmarsat.com/content/dam/inmarsat/corporate/documents/government/solutions-services/Inmarsat_Global_Government_GX_Lite_July_2022_EN.pdf.coredownload.pdf
	Phased Array
	11.0
	35.0
	1.97
	2.29

	3
	https://orbit-cs.com/wp-content/uploads/2021/08/MPT-30WGX-DS1-3.pdf
	Parabolic 30 cm
	12.5
	33.6
	0.61
	1.04

	4
	https://www.smithsinterconnect.com/CMSPages/GetFile.aspx?guid=56ef9e62-502c-421e-aff2-b5d3747ee795
	Parabolic 30 cm
	12.3
	33.6
	0.69
	1.12

	5
	https://www.getsat.com/products/milli-sat-h-lw-gx/
	Phased Array
	11.2
	34.8 [3]
	1.75
	2.09

	6
	https://www.viasat.com/content/dam/us-site/aviation/documents/815557_Global_Aero_Terminal_5530_Datasheet_005_web.pdf
	Phased Array
	12.5
	-
	N/A
	N/A

	7
	https://www.digisat.org/enterprise-75cm-professional-ka-band-terminal
	Parabolic 75 cm
	17.5
	41.6
	2.02
	2.34

	8
	https://www.viasat.com/content/dam/us-site/maritime/documents/1380722_Sailor_600_Co-Branded_Datasheet_2021_002.pdf
	Parabolic 60 cm
	16.5
	39.8
	1.60
	1.94

	9
	https://eguide.field.viasat.com/residential-broadband-terminals_vs2-datasheet/
	Parabolic 75 cm
	18.5
	41.6
	1.50
	1.85

	10
	https://eguide.field.viasat.com/enterprise-broadband-terminals-datasheet/
	Parabolic 120 cm
	23.0
	45.7
	1.30
	1.67



The NF values derived from the above list of G/T and antenna gain values account for noise temperature and losses of the entire receiver chain, as they are derived from the calculated system temperature under the given assumptions.   These values encompass both parabolic and phased array antenna systems.
In both cases, we can see that the system NF values for both 50K and 85K antenna temperature values are below 2.5 dB, certainly well-below the 6.2 dB proposed in R4-2309508.   In fact, if we average the values, we obtain a value of 2.07 dB!  Furthermore, the NF values derived, are broadly consistent with known LNA NF values and assumed front-end and feed losses presented in previous sections of this paper.  These values are broadly consistent also across consumer residential broadband, enterprise and other classes of terminals including aero and military.
Observation 3: For a number of different VSAT implementations surveyed (9 in total where both G/T and antenna gain were available), across consumer broadband, enterprise, aeronautical, maritime and military, including fixed, mobile and nomadic, implemented with both parabolic and phased array antennas, the derived total system NF values have an average value of 2.07 dB, with the highest value being 2.34 dB.
Observation 4: From the derived total system NF values it is also not clear how a 3 dB frontend loss, as proposed in R4-2309508, could be considered realistic.
Proposal 5: Consider a worst case total system NF value of 2.5 dB including all losses as a reference, for both parabolic and phased array antenna NTN UE.
What is important to note is that the system NF is only one of the elements that contribute to NTN UE receiver performance, and, in the current satellite communications ecosystem, typically NF value is not specified at system level, in order to allow user terminal manufacturers flexibility in meeting the receiver performance requirements.   
The system Antenna-gain-to-noise-temperature (G/T) at beam axis towards the satellite is instead typically used as the key receiver performance requirement.  From our perspective, this is the best metric to use to derive REFSENS and beam peak EIS, whilst at the same time allowing maximum flexibility to UE manufacturers in the trade-off between antenna and RF chain design and component selection.
Proposal 6: For receiver characteristics of an NTN UE operating above 10 GHz, consider Antenna-gain-to-noise-temperature (G/T) as the key reference parameter to derive REFSENS and EIS, in order to provide the maximum level of implementation flexibility and trade-off.


Conclusion
Observation 1:  Typical feed losses in commercial VSAT implementations are in the order of 0.2 dB or less, with typical duplexer/diplexer losses accounting for additional 0.25-0.3 dB loss at worst. A maximum value of 0.5 dB as total loss before the LNA should be considered as the worst case for reference.
Observation 2:  A 1.2-1.4 dB LNA NF can be easily achieved for a very low cost discrete LNA suitable for mass-market applications, with a corresponding system (transceiver) NF of 1.6-1.8 dB.
Observation 3: For a number of different VSAT implementations surveyed (9 in total where both G/T and antenna gain were available), across consumer broadband, enterprise, aeronautical, maritime and military, including fixed, mobile and nomadic, implemented with both parabolic and phased array antennas, the derived total system NF values have an average value of 2.07 dB, with the highest value being 2.34 dB.
Observation 4: From the derived total system NF values it is also not clear how a 3 dB frontend loss, as proposed in R4-2309508, could be considered realistic.

Proposal 1: A maximum value of 0.5 dB as total loss before the LNA should be considered as the worst case for reference.
Proposal 2: FFS whether and how an array scan loss of potentially up to [3] dB should be taken into account for phased array implementations.
Proposal 3: Consider a 1.2-1.4 dB LNA NF as a reference.
Proposal 4: Adopt a reference value of Tant between 50K-60K (average case) and 85K (worst case at 10 deg elevation). FFS for exact value.
Proposal 5: Consider a worst case total system NF value of 2.5 dB including all losses as a reference, for both parabolic and phased array antenna NTN UE.
Proposal 6: For receiver characteristics of an NTN UE operating above 10 GHz, consider Antenna-gain-to-noise-temperature (G/T) as the key reference parameter to derive REFSENS and EIS, in order to provide the maximum level of implementation flexibility and trade-off.
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