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Introduction 
In RAN4 #79, the discussion on mm-wave technologies including the mm-wave receiver was initiated [1]. As noise figures is one of the compatibility parameters towards ITU-R as well as the need for reasonable Noise figure assumptions for RAN4 co-existence simulations is emerging, the typical values for mm-wave noise figure based on extensive discussion was presented in [2].
As we have very little time left considering the submission of compatibility parameters towards ITU-R, it is essential to reach an agreement regarding the typical Noise Figure which also is needed to be able to run co-existence studies.
In this paper, based on the discussion in [2], we further elaborate on mm-wave Noise Figure.
Discussion
In [2], a simplified receiver model based on cascaded front-end (FE), analogue/RF receiver (RX) and ADC was used to derive typical NF values for mm-wave example frequencies of 30 GHz, 45 GHz and 70 GHz respectively. The intention with the model was not to replace a rigorous analysis but rather show the main parameter complex inter-dependencies but still give quite realistic typical values. 
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Figure 1

The impact of various impairments considering the cascaded receiver chain was used to arrive at typical overall noise figure values for different frequencies. The values used in the analysis were partly based on recently published data for LNAs and partly considering impairments given the inclusion of mixer, switch, balun, routing and filter losses etc. 
Another important aspect described in detail in [2] was the fact that the same value of Noise Figure cannot be used for a larger frequency range rather different values are to be expected for the example frequencies of 30 GHz, 45 Hz and 70 GHz respectively.
To conclude on the overall Noise Figure for mm-waves following fundamental principles should be considered:
· The Noise Figure is not given by the LNA alone, but also by, bandwidth and dynamic range dependencies as there is a delicate balance [1 & 2]. This also implies that requirement levels should be carefully adapted to the reasonable levels that the technology can provide in order to facilitate array antennas with many elements.
· Due to compact and highly integrated building practice needed for mm-wave systems with many transceivers and antennas, careful and often complex consideration regarding the power efficiency and heat dissipation in small area/volume is necessary. 
· As an example, in the context of Noise Figure, it might be possible to reduce the noise contribution from ADC by adding 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.
· 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.
· As we have not fully specified the unwanted emission or other receiver requirements such as blocking, we may or may not need to have mm-wave filters. Until the requirement levels are not settled, the need for mm-wave filters cannot be precluded and thus should be taken to account. The typical insertion loss for mm-wave filters was addressed in detail both in [1 & 2].
· As for mm-waves, similar technology would be used for BS and UE, we assume that  the transceiver performance differ less between UE and BS for mm-waves compared to lower frequencies below 6 GHz but also recognized that different topologies between UE and BS could result in larger difference in performance in particular when in different UE implementation ,the mm-wave antennas could be spread over the physical available area resulting in possibly higher routing losses. This aspect should be carefully considered during the requirement development phase but as we have very limited time before the ITU-R response, we propose to use same typical NF values for UE as BS for the RAN4 co-existence studies as well as ITU-R related compatibility parameters.
Proposal 1: The principles outlined above are essential when deriving the noise figure values for mm-waves and should be considered for the work in RAN4.
The extensive and detailed analysis in [2], has considered all the above principles to conclude on the following typical overall Noise Figure for mm-wave example frequencies of 30 GHz, 45 GHz and 70 GHz respectively:
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Table 1	Typical total noise figure

We thus would propose the RAN4 to adopt the following:
Proposal 2: The typical BS noise figure for 30 GHz should be set to 9 dB.
Proposal 3: The typical UE noise figure for 30 GHz should be set to 9 dB.
Proposal 4: The typical BS noise figure for 45 GHz should be set to 11 dB.
Proposal 5: The typical UE noise figure for 45 GHz should be set to 11 dB.
Proposal 6: The typical BS noise figure for 70 GHz should be set to 13 dB.
Proposal 7: The typical UE noise figure for 70 GHz should be set to 13 dB.

Conclusion
In this paper, the discussion on typical values for BS and UE sub-array transceiver overall noise figure assuming similarities between BS and UE was further elaborated. The complex dependencies as well as principles used in [2] to derive the total Noise Figure were outlined. 
Based on the extensive work and analysis presented in [2] and in this paper, we would propose to adopt the following typical Noise for example frequency ranges of 30 GHz, 45 GHz and 70 GHz taking to account the published performance of state-of-the-art LNA, switches and losses for filter and routing etc. 
We thus propose the following:
Proposal 1: The principles outlined in this paper are essential when deriving the noise figure values for mm-waves and should be considered for the work in RAN4.
Proposal 2: The typical BS noise figure for 30 GHz should be set to 9 dB.
Proposal 3: The typical UE noise figure for 30 GHz should be set to 9 dB.
Proposal 4: The typical BS noise figure for 45 GHz should be set to 11 dB.
Proposal 5: The typical UE noise figure for 45 GHz should be set to 11 dB.
Proposal 6: The typical BS noise figure for 70 GHz should be set to 13 dB.
Proposal 7: The typical UE noise figure for 70 GHz should be set to 13 dB.
In addition, the achievable noise figure for mm-wave frequencies discussed in this paper can also be seen as the typical noise figure performance that the mm-wave technology can provide which can in addition to ITU-R related part also should be used as basis for discussion during requirement work for mm-wave frequencies.
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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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