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1 Introduction
In RAN4 ＃85, OTA receiver antenna gain and receiver sensitivity was discussed, and WF[1] was agreed. And last meeting,　We proposed receiver antenna gain based on antenna aperture size. In this contribution, we propose FR 2 NR BS ΔOTAREFSENS range and step size.
2 Discussion
In RAN4 ＃85, WF was agreed[1].

· Reference sensitivity power level, PREFSENS [dBm] = [X] – ΔOTAREFSENS
· Declared by BS manufacturer
· [X] = -174 + 10*log(BW) + NF + SNR + IM
· BW is the transmission bandwidth configuration of the wanted signal in Hz
· NF is the noise figure of the BS (include allowed receiver desensitization for MR and LA BS)
· SNR is the required SNR to achieve 95% of maximum throughput (obtain from simulation)
· IM is implementation margin
· ΔOTAREFSENS
· [1]dB step within the range [10] to [30]dB for WA
· [1]dB step within the range [0] to [20]dB for MR
· [1]dB step within the range [0] to [20]dB for LA
· Reflect BS implementation parameters like antenna array gain
· For MR and LA, more analysis need to be done
OTA reference sensitivity must be defined as a minimum requirement in RAN4 Spec. However, BS vendar can declare any relaxed values as ΔOTAREFSENS in order to pass the requirement. We believe that the actual antenna array design should be reflected in the declared value of ΔOTAREFSENS as accurately as possible. In this contribution, we propose the range of ΔOTAREFSENS and classification of ΔOTAREFSENS based on antenna aperture.
Proposal1. The declared value of ΔOTAREFSENS should reflect the actual antenna array design as accurately as possible. 
2.1 Receiver antenna gain.
In last meeting, we proposed receiver minimum antenna gain based on antenna aperture can be calculated by the following equation in R4-1800675 [4].
Receiver minimum antenna gain = G – IM – Off-peak Margin =15.45+10*Log(Aphys*ea*fc2 )
Where ea is the radiation efficiency and value is about 66%. Aphy is the antenna aperture which unit in m2. fc is carrier frequency which unit in GHz. We considered 3dB implementation margin (IM)  and 3dB off-peak margin. Minimum possible element spacing is 0.5λ when element size is 0.5λ.
Receiver antenna gain that is based on antenna aperture size is shown in Table 1
Table 1: Receiver antenna gain in 24GHz set in 0.5λ element spacing and 0.5λ element size
	Antenna element allay 
	Number of element
	Minimum Antenna aperture
	Minimum Antenna Gain

	1 x 1
	1
	0.39 cm2
	-2.8 dB

	1 x 2
	2
	0.78 cm2
	0.1 dB

	2 x 2
	4
	1.56 cm2
	3.2 dB

	2 x 4
	8
	3.13 cm2
	6.2 dB

	4 x 4
	16
	6.25 cm2
	9.2 dB

	4 x 8
	32
	12.5 cm2
	12.2 dB

	8 x 8
	64
	25 cm2
	15.2 dB

	8 x 16
	128
	50 cm2
	18.2 dB

	16 x 16
	256
	100 cm2
	21.3 dB

	16 x 32
	512
	200 cm2
	24.3 dB

	32 x 32
	1024
	400 cm2
	27.3 dB

	32 x 64
	2048
	800 cm2
	30.3 dB


We believe that the declared ΔOTAREFSENS should be based on actual antenna aperture in each receiver antenna. In general, the number of antenna elements and the antenna array gain are increased in steps of 3dB in order to increase the antenna array gain. Thus, it is appropriate that the ΔOTAREFSENS step is 3dB.When antenna gain is ranging from 10dB to 30dB, antenna aperture is 12.5cm2 to 400cm2in 24GHz. Since operating band frequency for FR2 BS is higher than 24GHz, BS antenna gain is larger than the value shown in table 1.  
2.2 Receiver sensitivity range.
We propose ΔOTAREFSENS values for FR2 NR BS based on antenna aperture is shown in table 2.

Table 2  Declared ΔOTAREFSENS value classification based on antenna aperture
	Antenna aperture
	Declared value of ΔOTAREFSENS

	0 cm2 < Aphys ≤ 1.6 cm2
	0dB

	1.6 cm2 < Aphys ≤ 3.2 cm2
	3dB

	3.2 cm2 < Aphys ≤ 6.3 cm2
	6dB

	6.3 cm2 < Aphys ≤ 12.5 cm2
	9dB

	12.5 cm2 < Aphys ≤ 25 cm2
	12dB

	25 cm2 < Aphys ≤ 50 cm2
	15dB

	50 cm2 < Aphys ≤ 100 cm2
	18dB

	100 cm2 < Aphys ≤ 200 cm2
	21dB

	200 cm2 < Aphys ≤ 400 cm2
	24dB

	400 cm2 < Aphys ≤ 800 cm2
	27dB

	800 cm2 < Aphys
	30 dB


In the last meeting, Receiver antenna gain was discussed in R4-1800746[2]. In [2], it was suggested that a reasonable minimum cell range for a wide area cell would be 100m. However, in NR Co-existence simulation assumption [3], baseline value of inter-site distance is 200m and cell range becomes 133m. In this case, FSPL is -104.5dB and it is necessary that receiver antenna gain is above 12.5dB.
ΔOTAREFSENS value for wide area BS based on table 2 is ranging from 15dB to 30dB in 3dB step. Low end antenna gain sets over 12.5dB for wide area BS. This is supposed to range from about 5cm x 5cm to above 28cm x 28cm antenna array panel for each receiver. 5cm x 5cm antenna array panel is easily mountable on wide area BS for FR2. ΔOTAREFSENS for medium range BS and local area BS is ranging 0dB to 18dB in 3dB step and it supposes to range from two antenna elements to 10cm x 10cm antenna array panel for each receiver and it is possible to support both non beam forming and beamforming antenna. 
Proposal2 .ΔOTAREFSENS values for FR2 NR BS based on antenna aperture is shown in table 2.
Proposal3.ΔOTAREFSENS for wide area BS is ranging 15dB to 30dB in 3dB steps.

ΔOTAREFSENS for medium range BS is ranging 0dB to 18dB in 3dB steps.

ΔOTAREFSENS for local area BS is ranging 0dB to 18dB in 3dB steps.
3 Conclusion
In this contribution, we discussed declared ΔOTAREFSENS values for FR2 NR BS. We have proposed followings:
Proposal1. The declared value of ΔOTAREFSENS should reflect the actual antenna array design as accurately as possible. 
Proposal2 .
ΔOTAREFSENS values for FR2 NR BS based on antenna aperture is shown in table 2.
Proposal3.
ΔOTAREFSENS for wide area BS is ranging 15dB to 30dB in 3dB steps.

ΔOTAREFSENS for medium range BS is ranging 0dB to 18dB in 3dB steps.
ΔOTAREFSENS for local area BS is ranging 0dB to 18dB in 3dB steps.
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