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1.	Introduction
[bookmark: _Hlk67504958]The SI on IMT parameters for 4400 to 4800 MHz, 7125 to 8400 MHz and 14800 to 15350 MHz was approved at TSG RAN#103 [1]. One of the objectives of this SI is to send LS reply to ITU-R WP 5D (CC to TSG RAN) regarding NR in 4400 to 4800 MHz.
It is stated in the ‘Justification’ of the approved SID that:
	[bookmark: OLE_LINK56]For the frequency range 4400 to 4 800 MHz RF parameters can be extracted from specifications TS 38.104 and TS 38.101-1 and BS antenna parameters can be extracted from the extended array antenna model in R4-2108080 applicable for 1710 to 4990 MHz.



This topic was discussed at TSG RAN4#110bis and the WF was agreed [2].
This contribution provides further proposals on the BS antenna parameters in 4400 to 4800 MHz based on the agreed WF.

2.	Discussion
The BS antenna parameters in 4400 to 4800 MHz in the agreed WF are extracted below.
	[bookmark: _Hlk530081261]
ANNEX 2
Antenna characteristics for IMT AAS base stations 

An extended version of the AAS array antenna model is created to support vertical sub-array geometries with fixed sub-array down-tilt. The model equations are summarized in Table 3. 
Table 3: 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
	
Where M and N is corresponding to (Row × Column) in Table 4, row 1.6.

	Composite array radiation pattern
	
, where

Where M and N is corresponding to (Row × Column) in Table 4, row 1.6.



Considering base stations are optimized for various factors including performance, cost, and coverage, it is expected that sub array configurations are relevant where a set of physical antenna elements are combined to form a logical element. The model comprises of a basic element pattern which is then combined appropriately based on the equations to form the sub array pattern and the composite pattern. Since dual polarized elements are used in typical base stations, each polarization separately is considered in the models. The models are selected so that they are simple and representative to model BS performance with sufficient confidence. The element pattern is based on a simple gaussian beam which has a flat sidelobe level. The Gaussian pattern is sufficiently wide and cover most of the regions of interest, especially in the elevation domain. Thus, the extended antenna model with sub arrays is recommended to represent the beamforming capability of IMT base stations in considered frequency ranges.

Table 4: Beamforming antenna characteristics for IMT in 1710 to 4990 MHz  
	
	
	Rural
	Macro suburban
	Macro urban
	Small cell outdoor/
Micro urban
	Small cell indoor/
Indoor urban

	1
	Base station Antenna Characteristics

	1.1
	Antenna pattern 
	Table 3
	N/A

	1.2
	Element gain (dBi) (Note 2)
	6.4
	6.4
	6.4
	6.4
	N/A

	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
	90º for H
65º for V
	N/A

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

	1.5
	Antenna polarization 
	Linear ±45º polarized sub-array
	Linear ±45º polarized sub-array
	Linear ±45º polarized sub-array
	Linear ±45º polarized sub-array
	N/A

	1.6
	Antenna sub-array configuration (Row × Column) 
(Note 4)
	4 × 8 sub-arrays/elements
	4 × 8 sub-arrays/elements
	4 × 8 sub-arrays/elements
	8 × 8 elements
	N/A

	1.7
	Horizontal/Vertical radiating sub-array spacing (Note 5)
	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
	0.5 of wavelength for H, 0.7 of wavelength for V
	N/A

	1.7a
	Number of element rows in sub-array
	3
	3
	3
	N/A
	N/A

	1.7b
	Vertical element separation in sub-array ()
	0.7 of wavelength for V
	0.7 of wavelength for V
	0.7 of wavelength for V
	N/A
	N/A

	1.7c
	Pre-set sub-array down-tilt (degrees) (Note 6)
	3
	3
	3
	N/A
	N/A

	1.8
	Array Ohmic loss (dB) (Note 2)
	2
	2
	2
	2
	N/A

	1.9
	Total Conducted power (before Ohmic loss) (dBm) (Note 3)
	46
	46
	46
	37
	N/A

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

	1.11
	Base station vertical coverage range (degrees) (Note 1)
	90-100
	90-100
	90-100
	90-120
	N/A

	1.12
	Mechanical down-tilt (degrees)
	3
	6
	6
	N/A
	N/A

	1.13
	Maximum base station output power/sector (e.i.r.p.) (dBm) (Note 7)
	72.2
	72.2
	72.2
	61.5
	N/A



Note 1:	The vertical coverage range is given in global coordinate system, i.e., 90° being at the horizon.
Note 2:	The element gain in row 1.2 includes the loss given in row 1.8 and is per polarization.
Note 3:	The total conducted power is the power sum over all transmitters (E.g., 4x8x2 sub-arrays for rural, sub-urban and urban).
Note 4:	4 × 8 means there are 4 vertical and 8 horizontal radiating sub-arrays/element, or elements(no sub-array). 
Note 5:   For the case of 3 elements per sub-array, dv will be 2.1 wavelengths. 
Note 6:	The pre-set sub array down-tilt is a fixed design parameter for a base station. It is envisaged as a passive fixed (non-varying) electrical tilt within the sub-array elements. 
Note 7:	The maximum base station e.i.r.p per sector is calculated as total power (including power from two orthogonal polarizations).
Note 8:   Mechanical down-tilt is handled by a coordinate system transformation described in 3GPP TR 36.814 section A2.1.6.2.
Note 9:    and  is the BS array antenna beam steering direction used in the coexistence study.




Further proposals on the BS antenna parameters in 4400 to 4800 MHz based on the agreed WF are provided below.
It is proposed to slightly modify the first statement in Annex 2 to avoid using the wording ‘is created’ as the use of sub-array is not anything new in actual deployment.
Proposal 1: Slightly modify the first statement in Annex 2 to avoid using the wording ‘is created’.
Small cell outdoor/Micro urban in Row 1.1 also refers to Table 3, but this scenario has no sub-array. It is proposed to refer to M.2102 instead of Table 3.
Proposal 2: Refer to M.2102 instead of Table 3 for Small cell outdoor/Micro urban in Row 1.1.
There is an ambiguity in row 1.6 where row heading only mentions ‘sub-array’, but this row also addresses small cell scenarios with no sub-array. It is proposed to remove ‘sub-’ in row heading of row 1.6.
Proposal 3: Remove ‘sub-’ in row heading of row 1.6.
The term ‘sub-arrays/element’ for rural, macro suburban and macro urban cases in row 1.6 and Note 4 may be interpreted as element may also be used instead of sub-arrays. It is proposed to remove ‘/elements’ in row 1.6 and Note 4 and clarify the meaning of ‘8x8 elements’ in Note 4.
Proposal 4: Remove ‘/elements’ in row 1.6 and Note 4 and clarify the meaning of ‘8x8 elements’ in Note 4.
There is an ambiguity in row 1.7 where the row heading only mentions ‘sub-array’ but Small cell outdoor/Micro urban scenario has no sub-array. It is proposed to add ‘or element’ into row heading of row 1.7.
Proposal 5: Add ‘or element’ into row heading of row 1.7.
It is proposed to change row 1.9 to per antenna sub-array or element to align with the template in [1] and change the values and Note 3 accordingly.
Proposal 6: Change row 1.9 to per antenna sub-array or element and change the values and Note 3 accordingly.
It is not clear in Note 1 that the vertical coverage range includes the mechanical downtilt given in row 1.12. It is proposed to add a statement to clarify ‘This range includes the mechanical downtilt given in row 1.12.’
Proposal 7: Add a statement in Note 1 to clarify ‘This range includes the mechanical downtilt given in row 1.12.’.
The term ‘dv’ in Note 5 is not used in this table, and thus it is proposed to replace it with ‘vertical sub-array spacing’.
Proposal 8: Replace ‘dv’ with ‘vertical sub-array spacing’ in Note 5.
[bookmark: _Hlk165984767]The terms ‘ and ’ in Note 9 are not used in this table, and thus it is proposed to further qualify them.
Proposal 9: Further qualify the terms ‘ and ’ in Note 9.

3.	Conclusion
This contribution has provided further proposals on the BS antenna parameters in 4400 to 4800 MHz based on the agreed WF.
Proposal 1: Slightly modify the first statement in Annex 2 to avoid using the wording ‘is created’.
Proposal 2: Refer to M.2102 instead of Table 3 for Small cell outdoor/Micro urban in Row 1.1.
Proposal 3: Remove ‘sub-’ in row heading of row 1.6.
Proposal 4: Remove ‘/elements’ in row 1.6 and Note 4 and clarify the meaning of ‘8x8 elements’ in Note 4.
Proposal 5: Add ‘or element’ into row heading of row 1.7.
Proposal 6: Change row 1.9 to per antenna sub-array or element and change the values and Note 3 accordingly.
Proposal 7: Add a statement in Note 1 to clarify ‘This range includes the mechanical downtilt given in row 1.12.’.
Proposal 8: Replace ‘dv’ with ‘vertical sub-array spacing’ in Note 5.
Proposal 9: Further qualify the terms ‘ and ’ in Note 9.
The proposals above are implemented in the table below using the WF as baseline, where the updates compared are highlighted in yellow.
ANNEX 2
Antenna characteristics for IMT AAS base stations 

The extended version of the AAS array antenna model supports vertical sub-array geometries with fixed sub-array down-tilt. The model equations are summarized in Table 3. 
Table 3: 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
	
Where M and N is corresponding to (Row × Column) in Table 4, row 1.6.

	Composite array radiation pattern
	
, where

Where M and N is corresponding to (Row × Column) in Table 4, row 1.6.



Considering base stations are optimized for various factors including performance, cost, and coverage, it is expected that sub array configurations are relevant where a set of physical antenna elements are combined to form a logical element. The model comprises of a basic element pattern which is then combined appropriately based on the equations to form the sub array pattern and the composite pattern. Since dual polarized elements are used in typical base stations, each polarization separately is considered in the models. The models are selected so that they are simple and representative to model BS performance with sufficient confidence. The element pattern is based on a simple gaussian beam which has a flat sidelobe level. The Gaussian pattern is sufficiently wide and cover most of the regions of interest, especially in the elevation domain. Thus, the extended antenna model with sub arrays is recommended to represent the beamforming capability of IMT base stations in considered frequency ranges.





Table 4: Beamforming antenna characteristics for IMT in 1710 to 4990 MHz  
	
	
	Rural
	Macro suburban
	Macro urban
	Small cell outdoor/
Micro urban
	Small cell indoor/
Indoor urban

	1
	Base station Antenna Characteristics

	1.1
	Antenna pattern 
	Refer to Table 3
	Refer to Recommendation ITU-R M.2101
	N/A

	1.2
	Element gain (dBi) (Note 2)
	6.4
	6.4
	6.4
	6.4
	N/A

	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
	90º for H
65º for V
	N/A

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

	1.5
	Antenna polarization 
	Linear ±45º polarized sub-array
	Linear ±45º polarized sub-array
	Linear ±45º polarized sub-array
	Linear ±45º polarized sub-array
	N/A

	1.6
	Antenna array configuration (Row × Column) 
(Note 4)
	4 × 8
	4 × 8
	4 × 8
	8 × 8
	N/A

	1.7
	Horizontal/Vertical radiating sub-array or element spacing (Note 5)
	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
	0.5 of wavelength for H, 0.7 of wavelength for V
	N/A

	1.7a
	Number of element rows in sub-array
	3
	3
	3
	N/A
	N/A

	1.7b
	Vertical element separation in sub-array ()
	0.7 of wavelength for V
	0.7 of wavelength for V
	0.7 of wavelength for V
	N/A
	N/A

	1.7c
	Pre-set sub-array down-tilt (degrees) (Note 6)
	3
	3
	3
	N/A
	N/A

	1.8
	Array Ohmic loss (dB) (Note 2)
	2
	2
	2
	2
	N/A

	1.9
	Conducted power (before Ohmic loss) per antenna sub-array or element (dBm) (Note 3)
	28
	28
	28
	16
	N/A

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

	1.11
	Base station vertical coverage range (degrees) (Note 1)
	90-100
	90-100
	90-100
	90-120
	N/A

	1.12
	Mechanical down-tilt (degrees)
	3
	6
	6
	N/A
	N/A

	1.13
	Maximum base station output power/sector (e.i.r.p.) (dBm) (Note 7)
	72.2
	72.2
	72.2
	61.5
	N/A



Note 1:	The vertical coverage range is given in global coordinate system, i.e., 90° being at the horizon. This range includes the mechanical downtilt given in row 1.12.
Note 2:	The element gain in row 1.2 includes the loss given in row 1.8 and is per polarization.
Note 3:	Conducted power values are per polarization. The conducted power per sub-array assumes 4 × 8 sub-arrays and 2 polarizations for the rural, suburban and urban macro cases; the conducted power per element assumes 8 × 8 elements and 2 polarizations for the small cell outdoor/micro urban case.
Note 4:	4 × 8 means there are 4 rows and 8 columns of radiating sub-arrays for rural, macro suburban and macro urban cases. 8 × 8 means there are 8 rows and 8 columns of radiating elements for the small cell outdoor/micro urban case.
Note 5: 	For the case of 3 elements per sub-array, vertical sub-array spacing will be 2.1 wavelengths. 
Note 6:	The pre-set sub array down-tilt is a fixed design parameter for a base station. It is envisaged as a passive fixed (non-varying) electrical tilt within the sub-array elements. 
Note 7:	The maximum base station e.i.r.p per sector is calculated as total power (including power from two orthogonal polarizations).
Note 8:   Mechanical down-tilt is handled by a coordinate system transformation described in 3GPP TR 36.814 section A2.1.6.2.
Note 9:    and  is the BS array antenna beam steering direction used in Table 3, they should be set so that the beam steering direction is within the vertical and horizontal coverage ranges in row 1.11 and row 1.10, respectively.
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