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1 Introduction
In the RAN4#92bis a TP on receiver sensitivity [1] was approved, however this only covered OTA sensitivity.
Whilst decisions on conducted sensitivity are simple for the sake of a complete TR they should be added.
2 Discussion
Conducted receiver sensitivity is used as both a minimum sensitivity requirement and a reference requirement for the interference requirements.
It traditionally has been derived based on the agreed minimum noise figure for the operating band being considered as well as the CBW and reference channel (FRC) as well as the SNR and implementation margin as follows:

	
Where:
-	BW is the maximum transmission bandwidth
-	NF is BS noise figure, equal to 5 dB for Wide Area BS, 10 dB for Medium Range BS and 13 dB for Local Area BS.
-	IM is the implementation margin, equal to 2dB.
-	SNR is the SNR value for which we reach 95% throughput. Each company provided simulation results, and average will be done for each BW.
Typical values for 7 to 24GHz BS noise figure have been discussed in the SI and this will clearly affect the reference sensitivity level, however the channel band widths in the 7 to 24GHz range are not yet known so this may also influence the requirements and the specified FRC’s as such the reference sensitivity level do not need to be defined in the SI.
References
[1] 		R4-1913024 [7 to 24GHz]  TP to TR38.820 - Receiver sensitivity		Huawei
Text proposal
Text proposal to TR 38.820 v0.3.0
<START OF CHANGE>
[bookmark: _Toc22912425]7.4.2.2	Receiver sensitivity
[bookmark: _Toc22912426]7.4.2.2.1	Background
There are a number of different receiver sensitivity requirements for the different BS types and frequency ranges, these requirements fulfil 2 roles; 
· Minimum sensitivity which guarantees a certain minimum power level can be demodulated.
· Reference sensitivity which is a reference performance which is met during the interference tests (blocking, RX IMD, etc.)
In the case of the BS type 1-C, and BS type 2-O these 2 are both achieved with a single requirement.
Figure 7.4.2.2.1-1: Summary of receiver sensitivity requirements
	 
	1-C
	1-H
	1-O
	2-O

	Minimum sensitivity
	conducted REFSENS
	OTA sensitivity
	OTA sensitivity
	OTA REFSENS (FR2)

	Reference sensitivity
	conducted REFSENS
	conducted REFSENS
	OTA REFSENS (FR1)
	OTA REFSENS (FR2)



Conducted REFSENS is based on the BS receiver having a noise figure of 5dB (wide area):

 OTA REFENS is represented as an EIS value and also assumes a maximum noise figure as well as an antenna gain:

The difficulty with adding the antenna gain parameter is that antenna gain is a variable and it is not possible to attribute a minimum or fixed value. Even with non-AAS BS with passive antennas the antenna gain varies with deployment. For a passive antenna the beam shape is fixed and hence is directly related to the geographical area the antenna covers or the range of angle of arrival (RoAoA), the larger the RoAoA the lower the antenna gain and hence the higher the minimum EIS.
[bookmark: _Toc22912427]7.4.2.2.2	Conducted sensitivity
The conducted sensitivity requirement is based on the agreed minimum noise figure for the operating band being considered as well as the CBW and reference channel (FRC) as well as the SNR and implementation margin as follows:

Where:
-	BWFRC is the transmission bandwidth of the FRC
-	NF is BS noise figure, equal to 5 dB for Wide Area BS, 10 dB for Medium Range BS and 13 dB for Local Area BS.
-	IM is the implementation margin, equal to 2dB.
-	SNR is the SNR value for which we reach 95% throughput. Each company provided simulation results, and average will be done for each BW.
Typical values for 7 to 24GHz BS noise figure have been discussed in subclause 5.5.1 and these will clearly affect the conducted reference sensitivity level, however the channel band widths in the 7 to 24GHz range are not yet known as this may also influence the requirements and the specified FRC’s as such the reference sensitivity level do not need to be defined in the SI.

7.4.2.2.32	OTA sensitivity
The OTA sensitivity requirement is a minimum sensitivity requirement and ensures correct operation of the receiver including the integral antenna. OTA sensitivity is a declared parameter, the minimum sensitivity over an associated range of angle 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 analysis).
[bookmark: _Toc22912428]7.4.2.2.43	OTA REFSENS
OTA REFSENS is the OTA reference sensitivity requirement 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.
FR2 has no conducted requirements and no need for equivalence with legacy requirements, as such the sensitivity requirements are OTA only. However the issue still exists that different products may have different maximum antenna gains. In the case of FR2 however beam forming is necassarynecessary 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.
[bookmark: _Toc22912429]7.4.2.2.54	7 - 24 GHz
At this stage we must consider all the BS types for the 7 to 24GHz range, however it is clear that OTA BS will be an important implementation. OTA REFSENS will hence be necessary.
OTA REFSENS is slightly different for FR1 and FR2 BS, for FR1 the antenna gain is directly related to the RoAoA as it offers equivalence with the conducted requirement and may need to be applied to non-beam forming architectures. For FR2 it is assumed that the system is beam forming and hence there is no link between the antenna gain and the RoAoA, also there is no equivalence to a conducted requirement.
The 7 to 24GHz BS is expected to require beam forming and whilst there may be conducted requirements there is no legacy so there is no need to provide equivalence between OTA and conducted requirements. As such the FR2 type of OTA REFSENS requirement may be used even if conducted specifications are specified. The appropriate NF and ranges of expected antenna gain can be agreed when the exact operating bands are known.
Conducted requirements for x-C and x-H BS types are based on expected noise figure and hence if needed can easily be derived using the same noise figure values as the OTA REFSENS requirement.
<END OF CHANGE>
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