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Introduction
At RAN4#98-e, RAN4 agreed the antenna parameters in the reply LS in R4-2103104 [1], which includes two sets of the antenna characteristics for AAS base stations. One is for bands between 1710 and 4990 MHz and the other is for bands between 6425 and 10500 MHz.
At last RAN4#98-bis-e, one contribution was submitted to propose a model extension to add additional information for a fixed tilt sub-array implementation [2].
In this contribution, we provide our view on this aspect and text proposals for the draft LS is attached in the annex.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Discussion
[bookmark: OLE_LINK30][bookmark: OLE_LINK31]The antenna model has been used for numerous studies in RAN4. It covers both FR1 and FR2 for different base station TRX architectures, including digital beam forming, analogue beam forming and hybrid beam forming. The antenna model is built around array antenna model where the element factor, array factor and linear phase progressing is characterized as described by equations in Table 2-1.
Table 2-1: Array antenna model details
	Description
	Equation
	Unit

	Peak normalized element radiation pattern
	
	dB

	Peak gain normalized element radiation pattern
	

	dBi

	


Composite array radiation pattern
	
, where


	



dBi



At last RAN4 meeting, a model extension is proposed to consider one of the sub-array implementations as shown in the left side of Figure 2-1. For the case where vertical steering is not needed or the steering range is relatively limited, the sub-array with fixed tilt is applicable where phase controller within sub-array is not needed. And for the case where vertical steering is enlarged for the coverage in vertical plane, the sub-array should have the steering capability and phase controller in analogue is needed. Sub-array with phase controller in right hand of Figure 2-1 is one of the sub-array implementations which can provide flexible steering capability in vertical plane. The existing single element model can represent the antenna characteristics well for the sub-array with phase controller implementation.
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Figure 2-1 sub-array antenna implementations

Observation 1: for the sub-array with fixed tilt implementation, the model extension proposed in [2] can represent the antenna characteristics better.
Observation 2: for the sub-array with phase controller implementation, the existing single element model can be reused with some clarification since it can represent the antenna characteristics well.
Note 2:	16 × 8 means there are 16 vertical and 8 horizontal radiating elements. In the sub-array with phase controller case, one implementation is 2 vertical radiating elements combined in a 2x1 sub-array
Conclusions
In this paper, we provide discussion on the antenna model extension and also its applicability. Some text proposal on top of R4-2106354 for reply LS to ITU-R WP5D can be found in the Annex.
Observation 1: for the sub-array with fixed tilt implementation, the model extension proposed in [2] can represent the antenna characteristics better.
Observation 2: for the sub-array with phase controller implementation, the existing single element model can be reused with some clarification since it can represent the antenna characteristics well.
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Annex
RAN WG4 received the incoming LS from ITU-R Working Party 5D on Parameters of terrestrial component of IMT for sharing and compatibility studies in preparation for WRC-23 (Att. 7.4 to 5D/134). In R4-2103104 information was updated. As an addition, RAN4 has discussed an extension to the AAS array antenna model to support sub-arrays was presented in R4-2106354. 
The intention with the AAS model extension is to provide a tool to better represent radiation pattern characteristics for base station with AAS sub-array without phase controller antenna geometries commonly used for the frequency range 1710 to 4990 MHzoperating within FR1 (410 MHz – 7125 MHz).  For AAS sub-array with phase controller antenna geometries, the existing AAS model is still applicable. 
An extended version of the AAS array antenna model is created to support vertical sub-array without phase controller geometries. The model equations are summarized in Table 1-1. 
Table 1-1: Extended AAS model 
	Description
	Equation

	Peak normalized element radiation pattern
	


	Peak gain normalized element radiation pattern
	

	Sub-array excitation
	

	Sub-array radiation pattern
	
, where


	Array excitation
	

	Composite array radiation pattern
	
, where




In Table 1-2, representable parameter sets relevant for an AAS base station operating within 1710 to 4990 MHz are provided. 
Table 1-2: Beamforming antenna characteristics supporting subarray structures for IMT in 1710 – 4990 MHz 
	
	
	Macro Rural
	Macro suburban
	Macro urban

	1
	Base station Antenna Characteristics

	1.1
	Antenna pattern 
	Refer to Recommendation ITU-R M.2101with fixed tilt sub-array extension

	1.2
	Element gain (dBi) (Note 2)
	6.4
	6.4
	6.4

	1.3
	Horizontal/vertical 3 dB beam width of single element (degree) 
	90º for H
65º for V
	90º for H
65º for V
	90º for H
65º for V

	1.4
	Horizontal/vertical front‑to‑back ratio (dB)
	30 for both H/V
	30 for both H/V
	30 for both H/V

	1.5
	Antenna polarization 
	Linear ±45º
	Linear ±45º
	Linear ±45º

	1.6
	Antenna sub-array configuration (Row × Column) 
(Note 4)
	4 × 8 elements
	4 × 8 elements
	4 × 8 elements

	1.7
	Horizontal/Vertical radiating element/sub-array spacing 
	0.5 of wavelength for H, 2.1 of wavelength for V
	0.5 of wavelength for H, 2.1 of wavelength for V
	0.5 of wavelength for H, 2.1 of wavelength for V

	1.7a
	Number of element rows in sub-array
	3
	3
	3

	1.7b
	Vertical element separation in sub-array
	0.7 of wavelength of V
	0.7 of wavelength of V
	0.7 of wavelength of V

	1.8
	Array Ohmic loss (dB) (Note 2)
	2
	2
	2

	1.9
	Conducted power (before Ohmic loss) per antenna element (dBm) (Note 3) 
	25
	25
	25

	1.10
	Base station horizontal coverage range (degrees)
	+/-60
	+/-60
	+/-60

	1.11
	Base station vertical coverage range (degrees) (Note 1)
	90-100
	90-100
	90-100

	1.12
	Mechanical down-tilt (degrees) (Note 5)
	6
	6
	6



Note 1:	The vertical coverage range is given for the elevation angle θ, defined between 0° and 180° as 
in ITU-R M.2101.
Note 2:	The element gain in row 1.2 includes the loss given in row 1.8.
Note 3:	The conducted power per sub-array assumes 4x8x2 sub-arrays (i.e. power per H/V polarized element).
Note 4:	4 × 8 means there are 4 vertical and 8 horizontal radiating sub-arrays. 
Note 5:  Mechanical down-tilt is implemented as an electrical pre-set subarray down-tilt angle.
Note 6: For urban small cell and micro cell deployments single element parameters can be considered.
For frequencies below 5 GHz only array antennas using sub-array as described in Table 2-1 needs to be considered, and for frequencies around 6 GHz both single element and sub-array configuration could be considered. For urban small cell and micro cell deployments single element parameters can be considered.
The antenna parameters presented above holds complementary information to previously communicated LS on IMT parameters. 

