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Introduction
A fundamental misunderstanding has crept into RAN4 thinking regarding noise figure assumptions in FR2, and how it impacts REFSENS. In this contribution we revisit the definition of noise figure, and justify why current RAN4 assumptions are a valid basis for performance considerations over any temperature range, including ETC.
We draw parallels to the effort to align on EIRP and point out that ETC considerations used there are evidence that ETC is the norm for core requirements. Finally, we recommend that RAN4 discuss grievances on REFSENS requirement and try to resolve towards making the network ecosystem stronger.
Discussion
As we all know and appreciate, a functional amplifier amplifies signal present at its input, but it does so at the expense of degrading signal to noise ratio. Noise factor (F), and noise figure (NF) are equivalent metrics used to quantify this degradation. For the discussion in this paper, we assume any input signal is sufficiently low enough that distortion due to non-linear behaviour is not significant.
Noise Factor and Noise Figure
Noise figure is merely the noise factor expressed in a log scale. Noise factor ‘F’ is defined below:

The noise level at the input is assumed to be thermal noise at 290K by convention established by IEEE (née IRE) in 1959 [1]. If the effective temperature of input-referred noise introduced by the amplifier is Te, it is easy to work out a simplification of F:



Where To is 290K
The key construct here is that quantification of noise introduced by an amplifier is defined relative to the noise reference temperature To. The associated quantity, reference noise density is kTo, or -174dBm/Hz.
Observation 1: Noise figure quantifies noise injected by a component relative to a fixed reference noise density, kTo = -174dBm/Hz
Using NF in REFSENS budgets
A WF [2] captures REFSENS budgets from various companies during the lead up to setting requirements. The starting point for noise power, towards estimating SNR using NF in the receiver is uniformly -174dBm/Hz. This number corresponds to noise density at 290K, per NF convention. This has been erroneously cited in some RAN4 contributions as incontrovertible evidence that the budgets were limited to analysis at NTC conditions.
From the reference provided on NF [1], it is easy to see that -174 is the correct starting point for any analysis that uses noise figure, regardless of temperature of analysis. If a component (like an amplifier) is noisy, say due to operation at elevated temperature, the higher injected noise by the component is entirely captured as an elevated NF relative to -174dBm/Hz. To change the reference noise density away from -174 and correct it for ambient temperature is to double-count the noise injection effect to some degree.
Observation 2: It is incorrect to use any number but -174dBm/Hz for thermal noise density as a starting point for analysis that uses NF.
Observation 3: RAN4 analysis methodology for REFSENS of using -174dBm/Hz for reference noise density is valid for any temperature of analysis, not just NTC. 
RAN4 REFSENS analysis: NTC or ETC? 
For REFSENS estimation, the dominant consideration that determines temperature applicability is whether the receive chain’s NF estimate is considered ‘PVT corner’, or room temp only. Our view is that, being a core requirement, it goes without saying that the any parameter used in the budget must account for all corners of operation and production. The NF estimates used in our REFSENS budgets are indeed consistent with our view (i.e they account for PVT corner). 
But, is this view (ETC assumptions for core requirements) unusual?
It is useful to look at a parallel effort in RAN4 to align EIRP estimates. Several companies used PA element max power capability estimates that were corrected for operation at temperature extremities [3]. Excerpt below:
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Observation 4: RAN4 used ETC considerations for EIRP estimates
There is unfortunately significant overlap between the sourcing companies in [3] and those that maintain that RAN4 REFSENS estimates were limited to NTC.  We cannot postulate why ETC considerations were used for EIRP, but suspended for REFSENS calculations, considering contemporaneous nature of both efforts. We are forced to conclude that some entities may have erroneously used NF estimates from relatively controlled conditions in coming up with their REFSENS budgets. 
[bookmark: _GoBack]With a view to the future however, we can abandon the post-mortem, and focus on health of the ecosystem. A starting point would be to reopen the discussion so all parties can air out their concerns on REFSENS towards finding a resolution.
REFSENS requirements: Need to revisit? 
We acknowledge that some UE vendors may find the FR2 REFSENS requirement difficult to meet. On the other hand, we also recognize this parameter as having significant impact to network, specifically to coverage area. A dialog between UE vendors, base-station vendors and carriers may help resolve this detail, while keeping an eye on its ramification on the larger network ecosystem. 
Observation 5: A dialog between UE vendors, base-station vendors and carriers may enable adjustment to FR2 REFSENS requirements to make the network ecosystem stronger.
 
Conclusion
Observation 1: Noise figure quantifies noise injected by a component relative to a fixed reference noise density, kTo = -174dBm/Hz
Observation 2: It is incorrect to use any number but -174dBm/Hz for thermal noise density as a starting point for analysis that uses NF.
Observation 3: RAN4 analysis methodology for REFSENS of using -174dBm/Hz for reference noise density is valid for any temperature of analysis, not just NTC. 
Observation 4: RAN4 used ETC considerations for EIRP estimates
Observation 5: A dialog between UE vendors, base-station vendors and carriers may enable adjustment to FR2 REFSENS requirements to make the network ecosystem stronger.
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