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1. Introduction
Based on the RRM way forward [1] in RAN4#83, UE Rx beamforming and antenna modeling assumptions for system level simulations would be discussed in RAN4 NR AH#2. Several models have already been used in previous simulations, like for NR coexistence study in RAN4, initial access, multiple antenna scheme in RAN1 etc., this paper gives an analysis on those models and provides a possible setting for the simulations.          
2. Discussion
2.1 UE Rx beamforming model

UE Rx beamforming can reuse the model for NR coexistence study [2], since it is general for a rectangular panel array  (Figure 2.1-1), and also used during the AAS study [3]. 


Figure 2.1-1 General antenna model. 
The antenna array geometry is given by Figure 2.1-2, and the composite antenna gain is given by Table 2.1-1.   
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Figure 2.1-2 Antenna array geometry.

Table 2.1-1 composite antenna pattern
	Parameter
	Values

	
Composite Array radiation pattern in dB 
	For beam i:


the super position vector is given by:


the weighting is given by:





Proposal 1: It is proposed to employ the UE Rx beamforming model in NR coexistence study for RRM system level simulations.  
2.2 UE antenna modeling 
The parameters of UE antenna modeling should be determined. In TR 38.802 [3], the following settings are considered when doing SLS for  
1. Initial access 

	
	Below 6GHz
	Above 6GHz

	Carrier Frequency
	4 GHz
	30, 70 GHz

	Antenna Configuration at the UE
	(Mg,Ng, P, M, N) = (1, 1, 2, 1,1) with omni-directional antenna element
	(Mg,Ng, P, M, N) = (1, 1, 2, 2, 4), with directional antenna element (HPBW=90 degrees , directivity 5dB)



1. Multi-antenna scheme

	
	Below 6GHz
	Above 6GHz

	Carrier Frequency
	4 GHz
	30 GHz

	Antenna Configuration at the UE
	Mg = 1, Ng = 1, P =2, (dV,dH) = (0.5, 0.5)λ, MxNxP<=8 (companies report M,N)
	(Mg,Ng, P, M, N) = (1, 2, 2, 2, 4); (dV,dH) = (0.5, 0.5)λ. (dg,V,dg,H) = (0, 0)λ. *Θmg,ng=90 deg; Ω0,1=Ω0,0+180 (deg);


 
Besides, in doing NR coexistence study, the following parameters were used. 
1. NR coexistence study for 30 GHz, 45 GHz, and 70 GHz
	Parameter
	Values

	Antenna element vertical radiation pattern (dB)
	[image: ]

	Antenna element horizontal radiation pattern (dB)
	[image: ]

	Combining method for 3D antenna element pattern (dB)
	[image: ]

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

	(Mg, Ng, P, M, N) 
	 (1, 1, 2, 2, 2)

	(dv, dh)
	(0.5λ, 0.5λ)

	UE orientation
	Random orientation in the azimuth domain: uniformly distributed between -90 and 90 degrees*
Fixed elevation: 90 degrees

	* NOTE: This is done to emulate two panels: the configuration is equivalent to 2 panels with 180 shift in horizontal orientation and UE orientation uniformly distributed in the azimuth domain between -180 and 180 degrees.



It is reasonable to differentiate between sub 6 GHz and above 6 GHz if SLS is also considered for sub 6GHz.  
For sub 6 GHz, UE Rx beamforming is not necessary, hence (Mg, Ng, P, M, N) = (1, 1, 2, 1,1) with omni-directional antenna element could be used. 
For above 6 GHz, in option 2 and 3, 2 panels are used, with one panel rotated 180 degrees from the other, while in option 1, only one panel is employed. From coverage perspective, it is preferable to use 2 panels since the Rx antenna gain would be pretty low when the serving base station is on the opposite side of the boresight of the panel. Regarding the number of antenna elements in a panel, 2x2 or 2x4 does not make too much difference, either is fine for the simulations. In summary, it is proposed to
Proposal 2: Use the antenna model parameters in Table 2.2-1 for conducting RRM SLSs.
Table 2.2-1
	
	Below 6GHz
	Above 6GHz

	Antenna Configuration at the UE
	(Mg,Ng, P, M, N) = (1, 1, 2, 1,1) with omni-directional antenna element
	(Mg,Ng, P, M, N) = (1, 2, 2, 2, 2) or (1, 2, 2, 2, 4), with directional antenna element (HPBW=90 degrees , directivity 5dB), and one panel shifted 180 degrees from the other.


3. Conclusions
In this contribution, we discussed the UE RX beamforming and antenna model, we suggest to 
Proposal 1: It is proposed to employ the UE RX beamforming model in NR coexistence study for RRM system level simulations.  
Proposal 2: Use the antenna model parameters in Table 2.2-1 for conducting RRM SLSs.
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