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1 Introduction
Reference sensitivity is a very important parameter as not only does it provide a minimum requirement for the receiver sensitivity but also acts as a reference for the receiver interference requirements. This paper discusses all the different receiver sensitivity requirements for FR1 and FR2 and what might be suitable for 7 to 24GHz.
2 Discussion
2.1	FR1 and FR2
Originally there was a single receiver sensitivity requirement for conducted FR1 systems called reference sensitivity. Reference sensitivity provided both a minimum sensitivity requirement and a reference performance level for the interference requirements (blocking, RX IMD, etc…). The conducted reference sensitivity requirement was based on the BS receiver having a noise figure of 5dB.


This is a very straight forward method of setting conducted sensitivity and ensuring the receiver noise figure is below the expected level.
OTA requirements however are difficult to implement in the same way as the antenna gain is added to PREFSENS to obtain EISREFSEN, however antenna gain is a variable. Even with non-AAS systems passive antenna gain is variable depending on the geographical area the antenna is intended to cover, a omni directional cell for example would not expect the same antenna gain as a 3 sectored cell.
This problem was dealt with differently in FR1 and FR2.
For FR1 BS OTA sensitivity was introduced in release 13 for the hybrid AAS BS. The hybrid AAS BS maintained a conducted interface to which the conducted reference sensitivity was applied, however to provide an OTA requirement to ensure correct operation of the integral antenna the OTA sensitivity requirement was introduced.
OTA sensitivity is a declared parameter, the minimum sensitivity over an associated Range of angel of arrivals (RoAoA) are declared (the declaration also allows for the RoAoA to be redirected by non-real time means but this distinction is not needed for simple discussion).
For the FR1 OTA BS it was necessary no only to provide this minimum sensitivity requirement but also a reference sensitivity which provided equivalence to the existing conducted requirements as both a reference for the interference measurements but also providing some equivalence to the minimum noise figure aspect of the conducted requirement.
As antenna gain is a variable a fixed OTA sensitivity value is not possible, however as antenna gain varies with coverage it is possible to provide a minimum expected gain (and therefore a minimum sensitivity) over a declared coverage area. Hence the declared RoAoA is used to calculate a minimum antenna gain and hence a reference sensitivity. The declared RoAoA corresponds to the 3dB contour of the antenna gain and is called the OTA REFSENS RoAoA.

For FR1 requirements which are to be met over the OTA REFSENS RoAoA absolute requirement values are offset as follows:
For example: EISREFSENS = -101.7 - ΔOTAREFSENS
Where	
	ΔOTAREFSENS = 44.1 - 10*log10(BeWθ,REFSENS*BeWφ,REFSENS) dB for the reference direction
and
	ΔOTAREFSENS = 41.1 - 10*log10(BeWθ,REFSENS*BeWφ,REFSENS) dB for all other directions
The reference direction is 3 dB lower to ensure the specified contour is 3dB.
FR2 has no conducted requirements and no need for equivalence with legacy requirements, as such the sensitivity requirements can be OTA only. However the issue still exists that different products may have different antenna apertures (by design) and hence different maximum antenna gains. In the case of FR2 however beam forming is expected and hence the coverage area (or RoAoA) is not directly related to the antenna gain, as a narrow beam can be steered over the RoAoA. This was not the case in FR1 where the AAS may not have beam steering capability. 
The link between the RoAoA and sensitivity is hence broken, the OTA sensitivity is hence a purely declared variable within a range of expected antenna gains.
Figure 2.1-1. G assumptions for calculating FR2 WA OTA REFSENS range
	BS class
	G

	
	30 GHz 
(24.25 – 33.4 GHz)
	45GHz 
(37 – 52.6 GHz)

	WA
	10 to 33 dBi
	12 to 35 dBi



[bookmark: _Hlk508468660]So OTA reference sensitivity level for FR2 is 1 dB step within the range -96 to -119 dBm dB for WA
The existing sensitivity requirements can be summarised as follows:
Figure 2.1-2. Summary of receiver sensitivity requirements
	 
	1-C
	1-H
	1-O
	2-O

	minimum sensitivity
	conducted REFSENS
	OTA sensitivity
	OTA sensitivity
	OTA REFSENS

	reference sensitivity
	conducted REFSENS
	conducted REFSENS
	OTA REFSENS
	OTA REFSENS



2.2	7 to 24GHz
All the sensitivity requirements use the expected conducted receiver noise figure as an input, noise figure in the 7 to 24GHz frequency range has been investigated in subclause 5.5.1. As the minimum expected noise figure is expected to increase over the 7 to 24GHz range, the reference sensitivity will change over the frequency range. The exact expectations for each frequency can be finalized when the operating bands have been identified.
In the 7 to 24 GHZ range it is expected that all types of BS will be needed however the 7 to 24GHz range has no existing requirements and hence there is no need to maintain equivalence to legacy conducted requirements in the same way as FR1. It is possible that conducted requirements and OTA requirements do not have to be equivalent in the same way they are for FR1, it can also be expected that OTA systems in the 7 to 24GHz range will have beam forming. Hence OTA systems are suitable for FR2 like sensitivity requirements. Requirements for x-C and x-O BS types therefore can be:
Proposal 1: x-C BS conducted reference sensitivity based on NF, similar to FR1 conducted REFSENS
Proposal 2: x-O BS OTA reference sensitivity declared within a range based on NF and expected antenna gain range, similar to FR2 OTA REFSENS
Hybrid requirements are tougher to define, however it’s clear that both a conducted requirement and an OTA requirement is needed. There is only one choice for a conducted requirement and this should be the same as the x-C BS. The main differences between the FR1 OTA sensitivity declarations and the FR2 OTA reference sensitivity declarations are:
· FR2 declarations are limited to a range based on based on noise figure and antenna gain range expectations
· FR2 OTA REFSENS RoAoA declarations are bounded by the 3dB contour
· FR1 OTA sensitivity declarations are not bounded either in value or RoAoA.
· FR1 OTA sensitivity declarations allow for non-real time “redirection”
· There may be more than 1 FR1 OTA sensitivity declaration
As such an FR2 OTA REFSENS declaration would be acceptable as a FR1 OTA sensitivity declaration but not visa-versa. 7 to 24GHz hybrid systems are unlikely to use non-real time redirection in their antennas (this is suitable for basic AAS systems suing RET techniques to extend the coverage range) and as the FR2 declarations are compatible with FR1 it seems reasonable to use the OTA REFSENS declarations for the hybrid OTA requirements. This would also minimize the number of type of sensitivity used for 7 to 24GHz.
For 7 to 24GHz frequency range as the FR2 OTA reference sensitivity declarations are proposed for x-O systems it 
The OTA requirement for 1-H is declared as is the 2-O OTA reference sensitivity. To reduce the number of types of sensitivity declaration the 
Proposal 3: x-H BS has both the x-C and x-O REFSENS requirements
Summary
The background behind the sensitivity requirements for both FR1 and FR2 BS has been discussed. It is found that all equipment’s with the exception of the FR1 OTA sensitivity requirements use the expected system noise figure as an input. 
OTA reference sensitivity requirements also use the antenna gain as an input, for FR1 systems which are designed to have equivalence with the conducted requirements the antenna gain is calculated from the OTA REFSENS RoAoA. For FR2 where beam forming is expected the OTA REFSENE RoAoA is also declared but the antenna gain is expected to be within a defined range based on the frequency of operation and the BS type not the RoAoA.
For the 7 to 24GHz frequency range we can propose:
Proposal 1: x-C BS conducted reference sensitivity based on NF, similar to FR1 conducted REFSENS
Proposal 2: x-O BS OTA reference sensitivity declared within a range based on NF and expected antenna gain range, similar to FR2 OTA REFSENS
The x-O OTA REFSENS requirements can be considered a subset of the more general 1-H OTA sensitivity requirement and as such is suitable for the OTA requirement for a x-H BS I the 7 to 24GHz range
Proposal 3: x-H BS has both the x-C and x-O REFSENS requirements
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