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1. Introduction
At the last RAN plenary, a LS from ITU-R working part 5D asking for parameters of terrestrial component of IMT for sharing and compatibility studies in preparation for WRC-23 was received [1]. More specifically the LS asks for parameters relevant for sharing studies in the following frequency bands; 470 to 694 MHz, 694 to 960 MHz, 1710 to 1885 MHz, 1885 to1980 MHz, 2010 to 2025 MHz, 2110 to 2170 MHz, 2500 to 2690 MHz, 3300 to 3400 MHz, 3600 to 3800 MHz, 4800 to 4990 MHz, 6425 to 7025 MHz, 7025 to 7125 MHz and 10.0 to 10.5 GHz.
In this contribution we provide detailed information about relevant antenna and deployment parameters applicable for the following frequency ranges; 6.425 to 7.025 GHz and 7.025 to 7.125 GHz.
 
2. Discussion
When RF core requirements and conformance test requirements for AAS BS was developed by 3GPP RAN4 an parameterized array antenna model was developed. The antenna model together with some general parameters is described in TR 37.840 [3]. The model is also adopted by ITU-R for sharing studies in recommendation M.2101 [2]. 
The array antenna model uses a spherical coordinate system, where the -angle is defined as the angle from the antenna aperture plane to the propagation direction vector and the -angle is the angle between the normal to the antenna aperture plane and the projection of the propagation direction vector onto x/y plane. Where a Cartesian coordinate system (x, y, z) is located with the y/z-plane in the antenna aperture plane. Hench, the x-axis direction or bore-sight direction can be expressed in spherical angles as (,) = (90,0) degrees.
The parameterized 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
	Description
	Equation
	Unit

	Element Radiation Pattern
	
	dBi

	


Composite Radiation Pattern
	 
, where 


	



dBi



The model is created to support linear polarized uniform rectangular array (URA) antenna, where parameters can be selected to model various array antenna implementations. The parameters are listed in Table 2-2.
Table 2-2: Parameters
	Parameter
	Symbol
	Unit

	Front to back ratio
	Am
	dB

	Side lobe suppression
	SLAv
	dB

	Horizontal HPBW
	3dB
	Degrees

	Vertical HPBW
	3dB
	Degrees

	Element peak gain
	GE,max
	dBi

	Element loss
	LE
	dB

	Number of columns and rows
	(M, N)
	Integer

	Horizontal element separation
	dh
	m

	Vertical element separation
	dv
	m

	Electrical down-tilt angle
	etilt
	Degrees

	Electrical scan angle
	escan
	Degrees



When the model was created, the intension was to model the array response in the half-sphere around the x-axis. Hence, the modelled characteristics in the backward direction should not be used for scientific conclusions. 
As a consequence of how the model is created, parameters cannot be selected arbitrary, since parameters are dependent on each other. The intension with the model is to model absolute gain patterns correctly without full pattern directivity normalization. To model absolute gain, parameters must be selected carefully, if not the model produces nonphysical gain response. 
When parameters are selected it is preferable to consider physical aspects such as the gain/area relation and gain/beamwidth relations by checking following aspects;
1. Align the peak element gain (GE,max) with the unit area available for a single element in the array lattice, as described in Eq. 2.1. 
2. Align the peak element gain (GE,max) with the half-power beam with product (3dB3dB), as described in Eq. 2-2.
The maximum peak element gain for a given area can be expressed as:
		(Eq. 2-1)
Also, the maximum achieved peak element gain for given wide symmetrical beam [5] with can be approximated by:
		(Eq. 2-2)
Depending on the element characteristics the relation between element peak gain and the half power beam width product is different as described in [5]. The expression in Eq. 2-2 is selected for symmetrical patterns suitable for single elements.  
Note that implementation loss factor (LE) is not captured by the equations in Table 2-1. However to calculate correct antenna gain LE is required to determine GE,max to align with dh, dv, 3dB and 3dB.
To be exact it is recommended to select element parameters, where the peak element gain is determined by calculating the directivity from a given geometry including beam widths. The element directivity can be calculated based on the pattern described by Table 2-1 assuming that GE,max is equal to 0 dBi. The element peak directivity is calculated in dBi as:
		(Eq. 2-3)
, where AE(,) is defined in linear scale as:
		(Eq. 2-4)
The element loss is a factor capturing the array antenna efficiency. The element peak gain is calculated in dBi as:
		(Eq. 2-5)
In Figure 2-1, two typical reference antenna geometries relevant for wide-area BS operating in the frequency range 6 to 7 GHz are visualised. The antenna geometries are designed for different coverage scenarios and will produce different radiation patterns.  
[image: ]
Figure 2-1: Reference geometries
For a BS intended for wide area deployments in a rural or sub-urban environment, where the vertical steering is limited due to the fact that UE are located on ground, the geometry at the left is suitable. For this geometry the vertical range of interest for the BS is typically in the range 90 to 100 degrees. For this type of deployment, it is reasonable to assume a BS with larger antenna aperture to maximize the peak gain needed for large ISD. The size of the antenna aperture is achieved by having sub-arrays, as visualised for the left geometry in Figure 2-1. The antenna geometry showed in the figure is using sub-arrays constituted by two elements separated 0.45. The vertical element separation between each sub-array is 0.9. Other types of sub-array arrangement for products intended for specific coverage scenarios may exists. 
For a BS intended for wide area deployments in an urban environment, the steering range in the vertical domain is enlarged due to the fact that UEs are spread out both in the vertical plane and the horizontal plane. Hence, the vertical coverage range is typically 90 to 120 degrees. For this case the antenna aperture is sampled with 0.5 in both vertical and horizontal plane for optimum performance. 
Parameters are calculated for the two reference geometries where the directivity is normalized using Eq. 2-3. By applying the implementation loss, the peak element gain is derived according to Eq. 2-5. All antenna parameters relevant for IMT wide area BS scenarios (Rural, sub-urban and urban) for the frequency ranges 6.425 GHz to 7.025 GHz and 7.025 GHz to 7.125 GHz are listed in Table 2-3.
Table 2-3: BS antenna parameters 
	Parameter
	Wide area
Rural
	Wide area
Sub-urban
	Wide area
Urban

	Am
	30 dB
	30 dB
	30 dB

	SLAv
	30 dB
	30 dB
	30 dB

	3dB
	90 o
	90 o
	90 o

	3dB
	54 o
	54 o
	90 o

	GE,max
	7.0 dBi
	7.0 dBi
	5.5 dBi

	LE
	2.0 dB
	2.0 dB
	2.0 dB

	(M, N)
	(8, 8)
	(8, 8)
	(8, 8)

	dh
	0.5
	0.5
	0.5

	dv
	0.9
	0.9
	0.5



Parameters for element separation is often defined as function of . When an antenna is designed the element, separation is determined by the highest supported frequency. This means that dh=0.5when;
		(Eq. 2-6)
, where c is the speed of light and fmax is the highest supported frequency within an operating band. Here fmax would correspond to 7.025 GHz or 7.125 GHz depending on frequency range.
The conducted power per element in dBm can be related to TRP and number of branches (NM) as:
		(Eq. 2-7)
, where TRP is the base station output power declared by the base station manufacturer. 
To model BS characteristics properly, some additional parameters such as the coverage area in which beams can be controlled within and typical BS output power for relevant frequency range is required. In RAN4 specification this type of information is declared by the BS manufacturer. Typical values for additional information are listed in Table 2-4.
Table 2-4: Additional BS deployment parameters
	Parameter
	Wide area
Rural
	Wide area
Sub-urban
	Wide area
Urban

	Horizontal coverage range (degrees)
	+/- 60
	+/- 60
	+/- 60

	Vertical coverage range (degrees)
	90 to 100
	90 to 100
	90 to 120 

	BS output power, TRP (dBm)
	35 to 45
	35 to 45
	35 to 45



TRP is given in a range due to regulation. In some regions, the maximum TRP is limited to 43 dBm for this frequency range. 
In the parameters set presented for BS deployment parameter such as mechanical down-tilt and Remote Electrical Tilt (RET) was not considered. Depending on deployment scenario relevant parameters values for mechanical tilt and RET should also be considered. It is worth to notice that the mechanical down tilt is a coordinate transformation as described in TR 36.814, Annex A.2.1.6 [4], while RET creating by changing the element excitation. Hence the impact on the radiation pattern is different between mechanical tilt and RET. 
The technical analysis used as background for parameters to this frequency range (6 to 7 GHz) applies also for the frequency range 470 MHz to 4990 MHz for AAS BS and 10 GHz. But due to different factors parameter values applicable for different frequency ranges can vary. 
Proposal 1:
We propose RAN4 to consider the discussions and proposed parameters for antenna modelling for wide area either for RAN4 future studies on in response to LS from other forums such as ITU-R.  
When modelling the UE antenna in a cellular network operating in the frequency range 6 to 7 GHz it is reasonable to assume an omni-directive radiation pattern similar to the one assumed for FR1. To be able to predict the TRP and TRS characteristics the antenna loss needs to be determined.   

3. Conclusion
In this contribution we provide detailed information about some relevant antenna geometries to consider during IMT coexistence studies.  
It is reasonable that the antenna geometry will differ between wide area, medium range and local area deployments scenarios, which should be considered during coexistence evaluations. For BS operating at FR1 frequencies and just above, it is reasonable that sub-array geometries will be used to provide coverage for a specific scenario. In this contribution we have created multiple parameter sets to model antennas with and without sub-array geometries for different deployment scenarios. 
We thus propose:
Proposal 1:
We propose RAN4 to consider the discussions and proposed parameters for antenna modelling for wide area either for RAN4 future studies on in response to LS from other forums such as ITU-R.  
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