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Introduction
The Ka band UE noise figure has not been agreed.  It is a fundamental parameter from which the receiver requirements will be derived.  While there were previous proposals for UE noise figure from other sources, references or data to substantiate those proposals was not found.  Therefore, in this contribution, the UE noise figure is derived based on publicly available data on Ka band LNA performance.  The resulting reference sensitivity is then proposed.
Discussion
Background
First in [1] and repeated in [2], two options were provided for UE parameters including the noise figure.  These are copied below
Table 1 from [1].  NTN UE Parameters
	NTN UE Parameters
	
	Tx (Uplink)
	Rx (Downlink)

	Polarisation
	 
	Circular
	Circular

	Low Frequency 
	(MHz)
	27 500
	17 700

	Centre frequency
	 
	28 750
	18 950

	High frequency
	 
	30 000
	20 200

	Efficiency
	 
	60%
	57%

	On-axis antenna gain at Fc
	(dBi)
	42,9
	39,0

	Output power at antenna input
	(W)
	2
	

	Output power at antenna input
	(dBW)
	3,0
	 

	Output loss
	(dB)
	-1,0
	 

	Peak EIRP (on-axis)
	 
	44,9
	 

	Receiver noise figure
	(dB)
	 
	1,2

	Feeder loss
	(dB)
	 
	-0,50

	Sky temperature
	(K)
	 
	30

	Ground temperature
	(K)
	 
	10

	Antenna temperature
	(K)
	
	40

	G/T figure of merit
	(dB/K)
	 
	16,5



Table 2 from [1]. NTN UE Parameters
	NTN UE Parameters
	
	Tx (Uplink)
	Rx (Downlink)

	Polarisation
	 
	Circular
	Circular

	Low Frequency 
	(MHz)
	27 500
	17 700

	Centre frequency
	 
	28 750
	18 950

	High frequency
	 
	30 000
	20 200

	Efficiency
	 
	60%
	57%

	On-axis antenna gain at Fc
	(dBi)
	42,9
	39,0

	Output power at antenna input
	(W)
	2
	

	Output power at antenna input
	(dBW)
	3,0
	 

	Output loss
	(dB)
	-1,0
	 

	Peak EIRP (on-axis)
	 
	44,9
	 

	Equivalent Receiver Noise Figure
	(dB)
	 
	2,1

	Feeder loss
	(dB)
	 
	-0,50



Based on these tables, it was proposed by the moderator at the end of the first round in RAN4 #106-bis-e to consider 2.1 dB as the UE noise figure, but still there was no consensus and hence no decision by the end of the meeting [3].  There was no technical data provided for the noise figure proposals in [1] and [2]; hence, it is assumed that the value of 2.1 dB noise figure is an acceptable value in terms of downlink link budget but it is not evident if and how these values can be supported by a 3GPP standards-based implementation.  In fact, by system link budget alone the noise figure assumed in TR 38.821 for the Ka band VSAT is 1.2 dB consistent with Table 1 above.
However, it is necessary to understand how the minimum performance requirements specified by RAN4 in 38.101-5 differ from assumptions used by RAN1 in deriving system link performance.  RAN4 minimum performance requirements are core UE requirements to be met by all devices across temperature and manufacturing process variation.  The worst case performance is specified by RAN4.  This differs from a system link budget where nominal or typical performance is often quoted.  It is also important to recognize what the noise figure represents.  The noise figure is used by RAN4 to derive the reference sensitivity requirement (the noise figure itself does not appear directly in any RAN4 specification) according to [4]
Sensitivity = kT + 10*log(RX BW) + NF – Antenna gain + SNR + IL 
Because the noise figure itself is not specified, tradeoffs are available to the design engineer for example to trade off the antenna system with the receiver depending on the design constraints.  In fact, any of the parameters except kT and bandwidth can be traded off against one another as needed to meet the overall sensitivity.
In this equation, kT is the product of the Boltzmann constant and temperature, Rx BW is the receiver bandwidth, NF is the noise figure referred to the antenna port, antenna gain is the gain of the antenna system including diversity gain if any, SNR is the required signal to noise ratio at the input to the demodulator, and IL are the implementation losses and margins.  Note that NF in this expression represents the noise figure of the entire receive chain, though it will be dominated by the noise in the beginning of the chain especially including the front-end losses.
For perspective the NF conventionally assumed by RAN4 in its reference sensitivity degradation is at least 9 dB.  For example, the assumption of noise figure for the 28 GHz millimeter wave UE was 10 dB [5].  While this value may appear high to the casual observer, it is important to recognize as described above that this value includes not only the NF of the LNA, but also the front-end loss and other noise contributors along the receive chain.  Moreover, the NF represents the worst case noise contribution across mass market manufacturing process and temperature variation.  As a standards-based solution intended for mass market commercialization offering a wide variety of solutions at all cost points, the margins for performance will be larger than traditionally observed in specialized proprietary-based solutions.  However, it is also recognized that NTN systems differ from conventional 3GPP based systems.  It is already agreed and well understood that the Ka band NTN UE will not be a handheld device like a smartphone.  It is also well understood that the pathloss to the satellite is on the order of 200 dB for GSO systems at Ka band so the receiver assumptions may need to be adjusted to ensure sufficient link budget for the desired data rate and service.  The proper balance between these competing objectives will need to be found.  
Noise figure
Due to the absence of data and references justifying the noise figure proposals in [1] and [2], data is presented in this contribution based on public internet searches on Ka band earth station LNA’s.  A summary of data is provided in Table 1
	LNA
	Source
	Gain (dB)
	NF (dB)
	Noise Temp (K)

	1
	https://ieeexplore.ieee.org/document/9232993
	26
	2.3
	202.4907

	2
	https://www.erzia.com/sites/default/files/amps/ERZ-LNA-1770-2200-40-1.5.pdf
	39
	1.2
	92.29445

	3
	https://www.pasternack.com/2.5-db-40-ghz-low-noise-amplifier-35-db-gain-sma-pe15a63021-p.aspx
	35
	2.5
	225.701

	4
	https://www.cpii.com/docs/datasheets/496/ka-lna_single_mkt26926.pdf
	59
	1.503859
	120

	5
	https://sftp.eravant.com/content/datasheets/SBL-2634032030-KFKF-S1.pdf
	20
	3
	288.6261

	6
	https://orbitalresearch.net/wp-content/uploads/2020/03/Wideband-Ka-LNA-web-200303.pdf
	52
	1.341991
	105

	7
	http://www.satcomsource.com/Norsat-LNA-9000-Series-Ka-LNA.pdf
	55
	1.5
	119.6359

	8
	https://www.qorvo.com/products/d/da007693
	17
	3.5
	359.2291



Several observations on this data are made.  Most of the gain and noise figure values listed above are typical values rather than worst case guaranteed specifications.  Thus, it can be expected for worst case across temperature, frequency range, and process the gains will be lower and the noise figures higher.  The LNA gains vary significantly from 17 dB to 59 dB as most of these devices are designed for specialized applications; in other words, these may not be suitable for a single reference architecture.  Some of these devices, in fact, are targeted to military applications and hence provide excellent performance but may also be subject to extreme environments not envisioned for 3GPP based solutions.  The cost of some of the LNA’s on this list is USD $2000 or higher.  Clearly, while having excellent performance, these are not components that will be used in mass market 3GPP-based solutions.
With the observations made above, the overall system temperature and noise figure is computed.  The overall noise figure is heavily influenced by not only the LNA noise figure/temperature as shown in the tables above, but also by the front-end loss from the antenna to the LNA input.  The feeder losses, duplexer, and other losses in the front-end degrade the overall noise figure before gain from the LNA can be applied.  There are also noise sources from the downconversion and remainder of the receive chain beyond the LNA.  However, the contribution from these noise sources is greatly reduced by the gain in the LNA.  A simplified model of the receiver is illustrated below for the purpose of deriving the overall system noise
TR, GR
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The expression for overall system temperature is given by

where Ta is the antenna temperature, L is the front-end loss before the LNA, TR and GR are the noise temperature and gain of the LNA, and f is the noise figure of the rest of the receiver beyond the LNA.  Note that all the terms in this equation are evaluated in linear units.  The system noise temperature is averaged across all LNA’s reported and then converted to an equivalent noise figure by the following equation

Assuming a front-end loss of 3 dB, noise figure of post-LNA receiver of 6 dB, and antenna temperature of 150 K, the average system temperature across the eight LNA’s listed above is 823.1 K.  The equivalent noise figure is then calculated as 5.2 dB.
To repeat the discussion above, the LNA’s included in this calculation only list typical gains and noise figures rather than worst case and include LNA designs that are well out of scope of what might be considered in 3GPP.  Therefore, an additional 1 dB offset is added to the calculated noise figure to arrive at a proposed value of 6.2 dB to be used for reference sensitivity degradation for the Ka band UE.  Note that this value is still considerably lower than assumed for any other band in any 3GPP RAN4 specification.
Proposal 1:  Noise figure assumption is 6.2 dB for the Ka band UE.
With an assumed antenna gain of 39.7 dBi from Table 6.1.1.1-3 of TR 38.821, the resulting receiver figure of merit is G/T = 10.5 dB/K.
Reference sensitivity
As mentioned above, the reference sensitivity is specified by 3GPP according to the following equation
Sensitivity = kT + 10*log(RX BW) + NF – Antenna gain + SNR + IL 
For the Ka band, it is assumed the supported bandwidths are 50, 100, 200, and 400 MHz with 60 kHz and 120 kHz SCS and the antenna gain is reported as 39.7 dBi from Table 6.1.1.1-3 of TR 38.821.  The SNR required for demodulation depends on the RMC specified for reference sensitivity but has been assumed to be -1 dB for QPSK R=1/3.  As a starting point, the additional implementation losses and margin are taken as 7.3 dB taking the average of the values presented in [5] for 28 GHz.  The proposed reference sensitivity values are rounded up to the nearest 0.5 dB.
Proposal 2:  Consider and further discuss beam peak EIS reference sensitivity as follows for GSO receiver
	50 MHz
	100 MHz
	200 MHz
	400 MHz

	-125.5 dBm
	-122.5 dBm
	-119.5 dBm
	-116.5 dBm



For the NGSO receiver, the receiver may not required to be as sensitive.  The reference sensitivity as proposed above for GSO receiver is achieved with 39.7 dBi antenna gain which corresponds to a parabolic antenna with 0.6m equivalent antenna aperture or a phased array with at least 4000 elements assuming an effective element gain of 3 dBi.  For the NGSO receiver, the physical antenna size or the element count in a phased array can be reduced since 4000 elements is likely to be too costly, too heavy, and power consuming for all but the most extreme applications and/or the requirements on the radio can be relaxed depending on the Tx EIRP from the satellite and the uplink budget since a common same antenna is expected to be used for UL and DL on the UE.  For a UE that is primarily intended to serve NGSO satellite, to minimize cost, size, and weight, it may be beneficial to consider relaxing the reference sensitivity.
Proposal 3:  Discuss the following options
Option 1:  The reference sensitivity for the NGSO receiver can be relaxed compared to GSO.
Option 2:  The same reference sensitivity applies to both NGSO and GSO UE receivers.
Conclusion
The Ka band UE noise figure is derived in this contribution based on publicly available LNA data sheets.  However, as explained in this paper, the noise figure is used to derive the reference sensitivity requirement rather than specified as a requirement in itself.  This allows tradeoff between for example the antenna system, the radio, and the baseband by the designer.  The 3GPP requirements apply for all devices across process and temperature, so must be derived with worst case performance assumptions.  Moreover, the 3GPP ecosystem is developed for broad mass-market availability and accommodates multiple implementations with different cost constraints, form factors, etc.  Therefore, it is understood that 3GPP requirements may differ from those available for specialized proprietary designs conventionally used for satellite systems.  
Proposal 1:  Noise figure assumption is 6.2 dB for the Ka band UE.
Proposal 2:  Consider and further discuss beam peak EIS reference sensitivity as follows for GSO receiver
	50 MHz
	100 MHz
	200 MHz
	400 MHz

	-125.5 dBm
	-122.5 dBm
	-119.5 dBm
	-116.5 dBm



Proposal 3:  Discuss the following options
Option 1:  The reference sensitivity for the NGSO receiver can be relaxed compared to GSO.
Option 2:  The same reference sensitivity applies to both NGSO and GSO UE receivers.
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