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Introduction
In RAN4#90, the discussion around technical aspects and considerations for 7-24 GHz was initiated. In [1], a short discussion around receiver performance and dependencies were presented.
[bookmark: _Ref178064866]In this paper, given the considerations around the trends for receiver Noise Figure (NF), the receiver noise figure for 7-24 GHz example frequencies as described in [2] is elaborated in detail and tentative values are proposed.
In addition, a short discussion around other dependencies which need to be considered is also given.
Discussion
Receiver Noise Figure is one of the essential metrics for receiver. Due to compact and highly integrated building practice needed for systems operating in 7-24 GHz with many transceivers and antennas, careful and often complex consideration regarding the power efficiency and heat dissipation in small area/volume is necessary [3 & 4].  
A simplified receiver model based on cascaded front-end (FE), analogue/RF receiver (RX) and ADC can used to derive typical NF values for example frequencies of 11 GHz, 16 GHz and 22 GHz. Note that the intention with the model was not to replace a rigorous analysis but rather show the main parameter and complex inter-dependencies but still give quite realistic feasible values.
[image: ]
Figure 1 Simplified receiver model
The impact of various impairments considering the cascaded receiver chain considering Friis´ formula was used to arrive at typical overall noise figure values for different 7-24 GHz example frequencies. To conclude on the overall typical Noise Figure some fundamental principles should be considered:
· The Noise Figure is not given by the LNA alone, but also by, bandwidth, linearity and dynamic range dependencies as there is a delicate balance which should be considered when future requirements are specified.
· A full receiver chain all the way up to radiating elements should be addressed as all parts in the chain would contribute to the overall receiver performance including switch (for TDD), routing and filter losses etc.
· Due to compact and highly integrated building practice with many transceivers and antennas, careful and often complex consideration regarding the power efficiency and heat dissipation in small area/volume is necessary. 
· [bookmark: _GoBack]As an example, in the context of Noise Figure, it might be possible to reduce the noise contribution from ADC by using more bits, but this would have significant implication in terms of power consumption and heat dissipation aspect as a single added bit to ADC would result in “4” times higher power consumption. In general the ADC power consumption is proportional to BW 2 · DRADC where DRADC is the ADC dynamic range. 
Considering recent state-of-the-art LNA only noise figure publications, Figure 1 presents the LNA only noise figure for different semi-conductor technologies over frequency based on published data. 
[image: ]
Figure 2	LNA only Noise Figure trend over Frequency
In addition to published data for LNAs, considering additional impairments given the inclusion of mixer, switch, balun, routing and filter losses (non-RF filters close to radiating element) based on simplified receiver model, the typical noise figure for 7-24 GHz example frequencies can be summarized in Table 1. 



Table 1	Typical noise figure for 7-24 GHz example frequencies
	Example frequency
	Typical noise Figure

	11 GHz
	~7 dB

	16 GHz
	~8 dB

	22 GHz
	~9 dB


The typical noise figure presented in table 1 is based on assumption of pre-LNA noise figure of ~1.8 dB and per example frequency calculation of losses such as routing losses etc.
Pending on the outcome of regulatory discussions and specific frequency bands and compatibility aspects, the typical Noise figure depending on the stringency of filtering requirements could be higher and should be considered for future WI on specific frequency bands.
It can be anticipated that the similar receiver technology can be used for UE and thus similar Noise Figure where the main difference would be the number of transceiver and antennas. 
For some of the 7-24 GHz example frequencies, it is extremely difficult or even not feasible to specify and test on “conducted” basis and thus the noise figure would possibly be a part of defining the OTA sensitivity.
Summary and conclusion
In this paper, a more elaborated discussion around receiver technology and typical Noise figure for example frequencies in 7-24 GHz range were given.
Considering the complex dependencies described and available data, the overall typical noise figures of 7 dB, 8 dB and 9 dB for example frequencies of 11 GHz, 16 GHz and 22 GHz was concluded.
Once a future WI with specific frequency bands is initiated, the dependencies and Noise figure values presented in this paper should be considered when defining receiver requirements. 
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Receiver noise figure



A simplified receiver model can be derived by lumping the front-end (FE),
analog/RF receiver (RX) and ADC into three cascaded blocks. This model
cannot replace a rigorous analysis but will show the main parameter inter
dependencies.
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A simplified receiver model



Focusing on the small signal co-channel noise floor we can study the impact of
various impairments to arrive at simple noise factor, or noise figure,
expressions.



The noise factor of a system, or circuit block, is commonly defined as
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That is, F is a measure of the signal-to-noise-ratio (SNR) degradation when
passing through a system or circuit block. As noise varies with temperature, F
is usually defined at 290K.



The noise figure is just the logarithm of the noise factor, or



NF = 10 · log10(F )



Cascade noise factor



Assuming matched conditions we can use Friis’ formula [1] to find the noise
factor at the antenna connector as (linear units unless noted),
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