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1 Introduction
OTA receiver minimum sensitivity and receiver wanted signal for interference requirements for Range 2 NR BS were discussed in RAN4 NR adhoc#2, and WF[1] was agreed with following some option in receiver minimum antenna gain .
1. Use an agreed fixed minimum antenna gain to obtain a fixed level.

2. Use a sub classification of BS such as: 6 sector, 3 sector, omni-directional, etc.., each with a different minimum antenna again assumption.

3. Use a method based on a declared RoAoA similar to AAS

4. Use declared only requirement.

5. Anything else

And in the last meeting, receiver antenna gain was discussed in [2][3], but the document was noted. In this contribution, we consider OTA receiver minimum antenna gain for Range 2 NR BS.
2 Discussion
In RAN4#84, we proposed that receiver antenna gain assumed in RX requirements should be a fixed value for each deployment scenario because RAN4 requirement should be a minimum requirement [5]. And we showed three option to set receiver antenna gain for OTA Reference sensitivity requirement for FR2 NR BS in the last meeting [2]. Receiver antenna gain was also discussed in [3], which showed some aspects should be taken into account. In this contribution, we revise our proposal taking into account those aspects.
2.1 Aspects needs to be taken into account
· Off peak margin

In the last meeting, minimum antenna gain assumptions were discussed in [3], receiver antenna gain is taken into account antenna array implementation loss and off peak margin. In [3], off peak margin is shown 1dB that is different value with eAAS. FR2 NR BS uses narrow beam width and covers area with using beam steering. It is not necessary to consider 3dB gain loss based on 3 sector antenna. We think that 1dB is reasonable value as off peak margin.
· Element gain

Actually antenna element gain will be less than the parameter used in the co-existence simulation in SI, since 0.9λ element size is needed to achieve 8dBi element gain however the separation of the antenna elements is only 0.5λ and element size cannot be larger than this [4]. Antenna element gain with 0.5λ size is 3dBi in [3]. We think antenna element cannot have sufficient gain when element size is less than 0.5λ. So we think that 3dB element gain is reasonable value.
· Array gain

Minimum possible element spacing is 0.5λ when element size is 0.5λ. When element spacing is larger than 0.5λ, array gain becomes larger but grating lobe occurs in unwanted directions. It is no suitable to assume wider spacing than 0.5λ for RAN4 requirement because it is higher dependence on implementation to reduce the grating lobe. So it is suitable that the combination of elements spacing 0.5λ and element size 0.5λ is minimal antenna allay composition that can normally be considered. If 0.5λ elements spacing is used, array gain can be calculated as 10*log(Nelement), where Nelement is the number of antenna element per BS.
· IM

Implementation margin is steering error and correlation of noise sources in RX units shown in [3]. There is within 0.5dB steering error and 0.4dB desensitisation in [3]. So implementation margin can be set as 1.0dB.
2.2 Receiver antenna gain equation
Based on additional above four considerations, receiver minimum antenna gain is defined by the following equation.

Minimum receiver antenna Gain = Gelement + 10*log(Nelement) – IM – off peak margin
=10*log(Nelement) + 1dB   (1)
Gelement is fixed antenna element gain and the value is 3dB based on 0.5λ element size. Nelement is the number of antenna element per BS. IM is implementation margin and the value is 1dB and the value of off peak margin is 1dB.

In the RAN4 NR ad-hoc#2, we proposed the minimum antenna gain based on the parameters used in the co-existence simulation [5]. Revised minimum antenna gain values considering above two margins and 0.5λ element size are shown in table1.

Table 1 minimum receiver antenna gain modelling for 28GHz NR BS
	
	Urban macro scenario 
	Dense urban scenario 
	Indoor scenario 

	Maximum directional gain of an antenna element GE,max
	3dBi
	3dBi
	3dBi


	Number of antenna elements for each receiver antenna
	128
10log(M*N)=10log(8*16)

=21dB
	128
10log(M*N)=10log(8*16)

=21dB
	32
10log(M*N)=10log(4*8)

=17dB

	Implementation loss
	1dB
	1dB
	1dB

	Off peak margin
	1dB
	1dB
	1dB

	minimum receiver antenna gain
	22dBi
	22dBi
	18dBi


2.3 Possible options
There were some on-line discussion/comments on implementation limitation by setting a certain value for element/array gains. However, “implementation limitation” and “RAN4 minimum requirement” are always two sides of the same coin. If RAN4 considers super implementation freedom requirement, it becomes “declared requirement” not minimum requirement that is not RAN4 task. And minimum requirement always restrict some implementation (e.g., implementation with larger NF value than 5dB is not allowed). Nonetheless, excessively (tight) assumption would restrict implementation. Therefore, it is important to set minimum requirement with reasonable assumed values.

We presented three possible options taking into account the implemented number of elements in [2]. These three options are also revised as below. 

Proposal 1: One of following 3 options should be used for minimum receiver antenna gain.
Option1: Use fixed minimum receiver antenna gain value for each deployment scenario as Table1
· 22dBi for Urban macro scenario
· 22dBi for Dense urban scenario
· 18dBi for Indoor scenario
Option2： Set the classification according to the number of antenna elements, and defining the gain of each class at a fixed value. The implemented number of antenna elements is declared by manufacture.
	OTA RX antenna gain classification
	Number of antenna elements
	Minimum antenna gain [range]

	Small number of elements
	Up to X elements
	[10*log(1)+1dB, 10*log(X)+1dB]

	Medium number of elements
	Up to Y elements
	[10*log(X)+1dB, 10*log(Y)+1dB]

	Large number of elements
	Over Y elements
	[10*log(Y)+1dB, 10*log(Z)+1dB]

	Note: The values of X, Y, Z and minimum antenna gain are FFS.


Option3: Use fixed antenna element gain and calculated array gain based on the declared number of antenna elements. OTA receiver minimum antenna gain is defined by equation (1).

3 Conclusion
In this contribution, we discussed minimum receiver antenna gain for FR2 NR BS. We have proposed followings:
Proposal 1: One of following 3 options should be used for minimum receiver antenna gain.
Option1: Use fixed minimum receiver antenna gain value for each deployment scenario as Table1
· 22dBi for Urban macro scenario
· 22dBi for Dense urban scenario
· 18dBi for Indoor scenario
Option2： Set the classification according to the number of antenna elements, and defining the gain of each class at a fixed value. The implemented number of antenna elements is declared by manufacture.
	OTA RX antenna gain classification
	Number of antenna elements
	Minimum antenna gain [range]

	Small number of elements
	Up to X elements
	[10*log(1)+1dB, 10*log(X)+1dB]

	Medium number of elements
	Up to Y elements
	[10*log(X)+1dB, 10*log(Y)+1dB]

	Large number of elements
	Over Y elements
	[10*log(Y)+1dB, 10*log(Z)+1dB]

	Note: The values of X, Y, Z and minimum antenna gain are FFS.


Option3: Use fixed antenna element gain and calculated array gain based on the declared number of antenna elements. OTA receiver minimum antenna gain is defined by equation (1).
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