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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 study the IMT parameters relevant for sharing and compatibility for 7125 to 8400 MHz frequency range.
It is stated in the ‘Justification’ of the approved SID that:
	Previous work e.g., SI outcomes on 7 to 24 GHz as captured in TR 38.820 or 6 to 10 GHz parameters as captured in TR 38.921 may be taken to account, as needed.



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 7125 to 8400 MHz based on the discussion at TSG RAN4#110b.

2.	Discussion
The proposals from different companies on the BS antenna parameters in 7125 to 8400 MHz are summarized in the ad-hoc minutes [3].
	Issue 3-16: BS antenna characteristics
· Proposals
· Option 1: Sub-array model
· 4x16 for rural, sub-urban, 8x8 for urban, 4x4 for micro sub-arrays, 8 rows per sub-array of elements, 6 degree pre-set downtilt for rural, sub-urban (Nokia)
· 8x16 for rural, sub-urban, urban, 8x8 for micro sub-arrays, 3 rows per sub-array of elements, 3 degree pre-set downtilt for rural, sub-urban, urban (Ericsson)
· 2x2, 2x4, 4x4 smaller arrays for micro, indoor (CableLabs, Charter, Cox)
· Option 2: Discuss if single element applicable and if larger number of antenna elements can be considered (Qualcomm)
· Option 3: Same antenna model and power assumptions as in LS response for 6GHz in LS RP-210037 (ZTE)
· Recommended WF
· TBA



Different antenna pattern will be generated by the sub-array model options list above, and another main factor that decides the antenna pattern generated by AAS is the beamforming direction (to which direction the beam is formed by the AAS).
Figure 1 below show the vertical antenna pattern at the azimuth angle of 0° when the AAS with the parameters given for the 4x16 for sub-urban in option 1 is used to form a beam pointing at the azimuth angle of 0° and the vertical angle of 100° together with 6° mechanical downtilt (i.e., 4° electrical downtilt).
[image: ]
Figure 1: Vertical antenna pattern with 4x16 sub-arrays (8 rows of elements per sub-array) pointing at 100°.

Figure 2 below show the vertical antenna pattern at the azimuth angle of 0° when the AAS with the parameters given for the 8x16 for sub-urban in option 1 is used to form a beam pointing at the azimuth angle of 0° and the vertical angle of 100° together with 3° mechanical downtilt (i.e., 7° electrical downtilt).

[image: ]
Figure 2: Vertical antenna pattern with 8x16 sub-arrays (3 rows of elements per sub-array) pointing at 100°
It can be seen in figures 1 and 2 that the beamforming gain in the main lobe and side-lobes with 4x16 sub-arrays (8 rows of elements per sub-array) are higher than those with 8x16 sub-arrays (3 rows of elements per sub-array). Having a higher beamforming gain in the main lobe is beneficial to enlarge the cell coverage, but higher side-lobes is unfavourable in term of interference impact to other services in the same geographic area.
[bookmark: _Hlk166088009][bookmark: _Hlk166088281]As a trade-off between cell coverage and interference impact, it is proposed to use an AAS with 8x16 sub-arrays (4 rows of elements per sub-array) in sub-urban and urban macro cases. Figure 3 below show the vertical antenna pattern at the azimuth angle of 0° when the AAS with 8x16 sub-arrays (4 rows of elements per sub-array) is used to form a beam pointing at the azimuth angle of 0° and the vertical angle of 100° together with 3° mechanical downtilt (i.e., 7° electrical downtilt).
[image: ]
Figure 2: Vertical antenna pattern with 8x16 sub-arrays (4 rows of elements per sub-array) pointing at 100°

Proposal 1: Use an AAS with 8x16 sub-arrays (4 rows of elements per sub-array) for sub-urban and urban macro.
Moreover, the element gain, vertical 3 dB beam width of single element, and vertical coverage range are different for the Suburban macro and Urban macro scenarios in [3]. However, the same AAS design would usually be used in both scenarios with different deployment related parameters, such as the mechanical downtilt. Therefore, it is proposed to use the same element gain, vertical and horizontal 3 dB beam width of single element, and vertical coverage range for the Suburban macro and Urban macro scenarios.
Proposal 2: Use the same element gain, vertical and horizontal 3 dB beam width of single element, and vertical coverage range for the Suburban macro and Urban macro scenarios.

3.	Conclusion
This contribution has provided further proposals on the BS antenna parameters in 7125 to 8400 MHz based on the discussion at TSG RAN4#110b.
Proposal 1: Use an AAS with 8x16 sub-arrays (4 rows of elements per sub-array) in sub-urban and urban macro cases.
Proposal 2: Use the same element gain, vertical and horizontal 3 dB beam width of single element, and vertical coverage range for the Suburban macro and Urban macro scenarios.
The proposals above are implemented in the table below using the template in [1], where the updates compared to [3] are highlighted in yellow.
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.



Table 4: Beamforming antenna characteristics for IMT in 7125 to 8400 MHz  
	[bookmark: _Hlk163129317]
	
	Rural macro
(If it’s available)
	Suburban macro
	[bookmark: _Hlk166237202]Urban macro
	Urban small cell (outdoor)/Micro cell 
	Indoor 
(small cell)

	1
	Base station antenna characteristics

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

	1.2
	Element gain (dBi) (Note 2)
	N/A
	6.4
	6.4
	5.5
	5.5

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

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

	1.5
	Antenna polarization 
	N/A
	Linear ±45º
	Linear ±45º
	Linear ±45º
	Linear ±45º

	1.6
	Antenna array configuration (Row × Column) (Note 4)
	N/A
	8 × 16
	8 × 16
	8 × 8
	4 × 4

	1.7
	Horizontal/Vertical radiating element/sub-array spacing, dh /dv (Note 5)

	N/A
	0.5 of wavelength for H, 2.8 of wavelength for V
	0.5 of wavelength for H, 2.8 of wavelength for V
	0.5 of wavelength for H, 0.7 of wavelength for V
	0.5 of wavelength for H, 0.7 of wavelength for V

	1.7a
	Number of element rows in sub-array, Msub
	N/A
	4
	4
	N/A
	N/A

	1.7b
	Vertical radiating element spacing in sub-array, dv,sub
	N/A
	0.7 of wavelength of V
	0.7 of wavelength of V
	N/A
	N/A

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

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

	1.9
	Conducted power (before Ohmic loss) per antenna element/sub-array (dBm) (Note 3) 
	N/A
	22
	22
	16
	9

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

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

	1.12
	Mechanical downtilt (degrees) 
	N/A
	0
	4
	N/A
	N/A

	1.13
	Maximum base station output power/sector (e.i.r.p.) (dBm)
	N/A
	79.58
	79.58
	60.63
	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 8 × 16 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:	8 × 16 means there are 8 rows and 16 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 4 elements per sub-array, vertical sub-array spacing will be 2.8 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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