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1. Introduction
At the last RAN4 meeting (RAN4#93 in Reno) simulation parameters to the array antenna model required for coexistence simulation activities was discussed [1]. The coexistence work requires an antenna model and relevant assumptions on antenna parameters. Currently, those parameters are not captured by the IAB RAN4 technical report. 
At the end of [1], technical background information and antenna parameters was proposed in a text proposal for approval. Due to issues related to parameter selection and the antenna model description in general, this text proposal was not approved. 
At the end of this contribution an updated version the previously presented text proposal is submitted for approval. 

2. Discussion
The background information related to the array antenna model is summarized in a companion contribution [2]. The array antenna model is built around a set of equations summarized in Table 2-1 and a set of parameters summarized in Table 2-2. 
Table 2-1: Summary of array antenna model equations
	Description
	Equation
	Unit

	Element radiation pattern
	
	dBi

	


Composite array antenna radiation pattern
	 
, where 


	



dBi


   
[bookmark: _GoBack]The equations describing vm,n and wm,n assumes an Uniform Rectangular Array (URA) antenna geometry. The implementation loss margin is captured in the element peak gain, GE,max. Selection of the element peak gain is essential for correct end result. 
Table 2-2: Summary of array antenna model parameters
	Parameter
	Symbol
	Unit
	Note

	Element front to back ratio
	Am
	dB
	

	Element side lobe suppression
	SLAv
	dB
	

	Element horizontal HPBW
	3dB
	Degrees
	This parameter needs to be aligned with the physical horizontal element dimension.

	Element vertical HPBW
	3dB
	Degrees
	This parameter needs to be aligned with the physical vertical element dimension.

	Element peak gain
	GE,max
	dBi
	This parameter depends on LE, 3dB and 3dB.

	Element loss
	LE
	dB
	This parameter is selected to include all implementation losses for the array antenna.

	Number of columns and rows
	(M, N)
	Integer
	

	Horizontal element separation
	dh
	m
	This parameter needs to be aligned with the horizontal element HPBW.

	Vertical element separation
	dv
	m
	This parameter needs to be aligned with the vertical element HPBW.

	Electrical down-tilt angle
	etilt
	Degrees
	For dv larger than 0.5, the array factor scan-loss needs to be considered. 

	Electrical scan angle
	escan
	Degrees
	For dh larger than 0.5, the array factor scan-loss needs to be considered.



To maintain the directivity properties for the element radiation pattern it is essential to select values for GE,max matching LE and 3dB and 3dB. If not, the model will produce incorrect gain. 
The benefit with this approach to attach the gain to the element is that the model will produce correct directivity direct without a directivity normalizing of the composite array pattern at the end. Calculating directivity requires EIRP values from all directions, which consumes memory and processing power. For the array pattern that means that the directivity needs to be done per beam pointing direction, which results in a correct but processing intensive antenna model. 
The element directivity can be calculated based on the pattern described in Table 2-1 assuming that GE,max is equal to 0 dBi. The element peak directivity is calculated in dBi as:
		(Eq. 2-1)
, where AE(,) is defined in linear scale as:
		(Eq. 2-2)
The element loss is a factor capturing the array antenna efficiency. The element peak gain is calculated in dBi as:
		(Eq. 2-3)

3. Conclusion
At last meeting RAN4 decided to document the technical background used for the co-existence simulations. In [1], a text proposal with the antenna model and corresponding array antenna model was presented. In this version the additional information has been added;
1. The antenna model and parameters have been separated into different tables; model and parameters
2. The array factor calculation is an essential part of the array antenna model and is added to the model. 
3. The parameter selection required for correct gain is described.   
At the end of this contribution a text proposal is attached for approval. 
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TEXT PROPOSAL:
[bookmark: _Toc25739791]6.2	Simulation assumption 
Detailed structure of the subclause is TBD.
[bookmark: _Toc21127414][bookmark: _Hlk500512144]6.2.1	Antenna configuration
6.2.2.1	General
The parameterized array antenna model consists of two parts; a set of equations and a set of parameters. The parameters are not independent; hence they can’t be arbitrary selected.
6.2.2.2	Array antenna model
The array antenna model is described by the equations in Table 6.2.2.2-1.
Table 6.2.2.2-1: Array antenna model
	Description
	Equation
	Unit

	Element radiation pattern
	
	dBi

	


Composite array antenna radiation pattern
	 
, where 


	



dBi



6.2.2.3	Parameter sets
The antenna parameters to be used for the BS antenna is listed in Table 6.2.2.3-1.
Table 6.2.2.3-1: BS antenna parameter sets
	Parameter
	FR1 macro
	FR2 macro

	Am
	 30 dB
	30 dB

	SLAv
	30 dB
	30 dB

	3dB
	65 deg
	130 deg

	3dB
	65 deg
	130 deg

	GE,max
	5 dBi
	3 dBi

	LE
	1.8 dB
	1.8 dBi

	(Mg, Ng, M, N, P)
	(1, 1, 8, 8, 1)
	(1, 1, 8, 16, 1)

	dh
	0.5
	0.5

	dv
	0.8
	0.5



For the BS the antenna should be mechanically down-tilted 10 degrees.
The antenna parameters to be used for the UE antenna is listed in Table 6.2.2.3-2.
Table 6.2.2.3-2: UE antenna parameter sets
	Parameter
	FR1
	FR2

	Am
	 TBD
	25 dB

	SLAv
	TBD
	25 dB

	3dB
	TBD
	130 deg

	3dB
	TBD
	130 deg

	GE,max
	TBD
	3 dBi

	LE
	TBD
	1.8 dBi

	(Mg, Ng, M, N, P)
	TBD
	(1, 1, 2, 2, 1)

	dh
	TBD
	0.5

	dv
	TBD
	0.5



The intension is to emulate two UE panels. Therefore, 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. Hence the UE orientation in the azimuth domain shall be randomly uniformly distributed between -90 degrees and 90 degrees. The UE evaluation shall be fixed to 90 degrees. 
6.2.2.4	Parameter selection
Since some parameters required by the array antenna model is not independent, arbitrary parameter values are not supported. If parameters are selected arbitrary the model will produce incorrect gain characteristics. The element beam width parameters are directly related to the available unit area for the element. Also, the element gain is directly related to the element directivity via the selected beam widths. Therefore, parameters for GEmax, 3dB and 3dB cannot be selected arbitrary. 
Before the model is used it is suggested to define parameter sets for relevant array antennas. The purpose of the parameter selection procedure is to determine parameters which would guarantee that the produced array patter is gain normalized correctly. The parameter selection procedure is described in a flowchart in Figure 6.2.2.4-1.
[image: ]
Figure 6.2.2.4-1: Flowchart 
The element directivity can be calculated based on the pattern described in Table 6.2.2.2-1 assuming that GE,max is equal to 0 dBi. The element peak directivity is calculated in dBi as:
		(Eq. 6.2.2.4-1)
, where AE(,) is defined in linear scale as:
		(Eq. 6.2.2.4-2)
The element loss is a factor capturing the array antenna efficiency. The element peak gain is calculated in dBi as:
		(Eq. 6.2.2.4-3)
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