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1. Introduction
At the RAN4 meeting (RAN4#99-E) an extension to the antenna model to support sub-array geometries was approved [1]. The array antenna model extension and corresponding parameters relevant for the frequency range 1710 to 4990 MHz was communicated in a LS to ITU-R WP 5D and ECC PT1. 
In TR 38.820 [1] technical background information such as typical parameters and technical capability of technology is captured for the frequency range 7 to 24 GHz. In a dedicated section capturing BS architecture aspects it is mentioned that sub-array antenna structures are of great relevance for base station operating within the frequency range 7 to 24 GHz. Previously, RAN4 have concluded that sub-array antenna geometries are commonly used for the frequency range 1710 to 4990 MHz. It would therefore be reasonable to also assume sub-array antenna structures to be relevant for the upper part of FR1 (around 6 GHz). 
The array antenna model extension defined by RAN4 is frequency agnostic and will be applicable for all frequencies for which flat rectangular array antenna panels can be built. The parameter values will be frequency dependent on size of the array antenna and power capability may change as function of frequency and other aspects. Therefore, model parameters need to be selected carefully per dedicated frequency region as for 1710 to 4990 MHz, also for 4990 to 7125 MHz, etc.
In this contribution we have collected the antenna model extension and relevant parameter sets for base stations using sub-arrays operating around 6 GHz. The parameter sets are presented as addition to previously presented parameters for single element configurations [2].

2. Discussion
Previously, RAN4 have communicated to ITU-R WP 5D in a liaison statement [2] typical radio and antenna parameters for the frequency range 6 to 10 GHz. The parameters were defined for a single element scenario based on the antenna model defined in ITU-R M.2101 [5]. This antenna model assumes singe element array geometries. 
Since macro rural deployment is not suitable at these frequencies no parameters were defined for specific scenario. The parameters for single element array configuration are collected in Table 2-1. 
Table 2-1: Antenna characteristics supporting single element structures for IMT operation in the frequency range 6425 to 10500 MHz

	
	Rural
	Macro suburban
	Macro urban
	Micro urban
	Indoor urban

	Element gain
	N/A
	6.4 dBi
	5.5 dBi
	5.5 dBi
	5.5 dBi

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

	Horizontal/vertical front to back ratio
	N/A
	30 dB for both H/V
	30 dB for both H/V
	30 dB for both H/V
	30 dB for both H/V

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

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

	Horizontal/Vertical radiating element spacing
	N/A
	0.5 of wavelength for H, 0.7 of wavelength for V
	0.5 of wavelength for H, 0.5 of wavelength for V
	0.5 of wavelength for H, 0.5 of wavelength for V
	0.5 of wavelength for H, 0.5 of wavelength for V

	Array Ohmic loss
	N/A
	2 dB
	2 dB
	2 dB
	2 dB

	Conducted power (before Ohmic loss) per element
	N/A
	22 dBm
	22 dBm
	16 dBm
	9 dBm

	Base station horizontal coverage range 
	N/A
	+/-60 º
	+/-60 º
	+/-60 º
	N/A

	Base station vertical coverage range 
	N/A
	90-100 º
	90-120 º
	90-120 º
	N/A

	Mechanical down-tilt
	N/A
	6 º
	10 º
	10 º
	N/A



Regarding the defined parameter for single element structures listed in Table 2-1, the size of the considered array antenna has been increased compared to parameters defined for lower frequencies. 
Sub-array antenna structures are commonly used for AAS BS operating up to 4990 MHz [1]. Sub-array antenna structures are used to optimize the base station design for specific deployment scenarios. For wide area base stations, it is reasonable to have more freedoms in the horizontal domain compared to the vertical domain as a result of the UE distribution. Therefore, sub-arrays can be used in the vertical domain to improve the capability to produce antenna gain. For base stations operating around 6 GHz it would be reasonable to assume that sub-arrays will be used since the gain needs to be increased to maintain similar inter cell distance as for 3.5 GHz networks.     
In TR 38.820, subclause 7.2.3 [3] different array structures relevant for the frequency range 7 to 24 GHz is described. It can be noticed that both single element structures and sub-array structure is considered relevant for AAS BS operating within the frequency range 7 to 24 GHz. A collection of example structures is described in TR 38.820, shown in Figure 2-1.
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Figure 2-1: Array antenna structures
The reason for using sub-arrays is to optimize the design to provide coverage and capacity within the service area where the UEs are located. It is reasonable to believe that sub-array structures will be used for AAS BS operating above 4990 MHz, since sub-array structures have been adopted between 1710 to 4990 MHz and also been considered relevant for base stations operating within the frequency range 7 to 24 GHz. The technical background information collected during the Study Item in RAN4 is collected in TR 38.820. Therefore, it seems reasonable to believe that sub-arrays structures can also be used in the frequency range between 4990 MHz and 24 GHz.
In [1] the array antenna model was extended to support sub-array structures using vertical sub-arrays. Also, antenna parameters for modelling an array antenna structure with sub-arrays was proposed for 1710 to 4990 MHz. The extended mode is included in TR 38.803 [6], subclause 5.2.3.2.4. The extended antenna model is capable of modelling array antennas for all frequencies where the elements creating the sub-array can be modelled as a Gaussian element. This means that the model is suitable for modelling array antennas intended for operation within the frequency range 4990 to 7125 MHz. The extended antenna model equations are listed in Table 2-2.
Table 2-2: Extended 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




The model extension capable of modelling array antennas using sub-arrays well beyond 4990 MHz, the frequency dependent information is captured in given parameters values. The parameter definitions related to the sub-array configuration is described in Figure 2-2.
 [image: ]
Figure 2-2: Base station array antenna geometries
For each base station type (urban, sub-urban, micro) the parameters listed in Table 2-2, requires careful considerations. 
Table 2-3: Extended parameter definitions
	Level
	Parameter
	Symbol
	Unit

	

Element
	Front to back ratio
	Am
	dB

	
	Side lobe suppression
	SLAv
	dB

	
	Horizontal half power beamwidth
	3dB
	Degrees

	
	Vertical half power beamwidth
	3dB
	Degrees

	
	Array element peak gain
	GE,max
	dBi

	
Sub-array
	Number of element rows in sub-array
	Msub
	Integer

	
	Vertical element separation 
	dv,sub
	m

	
	Electrical pre-set sub-array down-tilt angle
	subtilt
	Degrees

	

Array
	Number of elements/sub-array rows
	M
	Integer

	
	Number of elements columns
	N
	Integer

	
	Horizontal element separation
	dh
	m

	
	Vertical element/sub-array separation
	dv
	m

	
	Electrical down-tilt angle
	etilt
	Degrees

	
	Electrical scan angle
	escan
	Degrees



In Table 2-4, relevant antenna parameters for AAS BS for operation in the frequency range 6425 to 7125 MHz is listed. These parameters can be used as additional parameters to be used in sharing studies together with previously communicated parameters in [2]. 
Table 2-4: Parameters related to sub-array antenna structures relevant for IMT operation in the frequency range 6425 to 7125 MHz
	Parameters
	Macro suburban
	Macro urban

	Element gain
	6.4 dBi
	6.4 dBi

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

	Horizontal/vertical front to back ratio
	30 dB for both H/V
	30 dB for both H/V

	Antenna polarization
	Linear ±45 º
	Linear ±45 º

	Antenna sub-array configuration (Row × Column)
	16 x 16
	16 x 16

	Horizontal/Vertical radiating sub-array spacing
	0.5l for H, 1.4l for V
	0.5l for H, 1.4l for V

	Number of element rows in sub-array
	2
	2

	Vertical element separation in sub-array (dv,sub)
	0.7l
	0.7l

	Pre-set sub-array down-tilt
	3 º
	3 º

	Array Ohmic loss
	2 dB
	2 dB

	Conducted power (before Ohmic loss) per sub-array
	19 dBm
	19 dBm

	Base station horizontal coverage range 
	+/-60 º
	+/-60 º

	Base station vertical coverage range 
	90-100 º
	90-100 º

	Mechanical down-tilt
	3 º
	6 º



To compare the array antenna described by the new parameter sets for sub-urban and urban deployments the sub-array lattice is plotted in Figure 2-3. The sub-array structure (SA) in green is generated by the new parameter sets, which is equal for urban and sub-urban deployment. The single element structure for sub-urban (SE_SU) in black and for urban (SE_U) in orange is plotted as a comparison. It can be noticed that the new parameters with sub-array will create a larger antenna aperture to achieve more directivity. 
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Figure 2-3: Array antenna aperture comparison for macro suburban deployment
In the figure, the phase centres of individual electrically (from base band) controlled elements/sub-arrays is marked with a circle. The antenna array aperture area is also plotted as a reference.  In Figure 2-4, the vertical radiation pattern is plotted for reference direction (bore-sight) and maximum steering direction (10 degrees down-tilt). 
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Figure 2-4: Comparison of vertical radiation pattern cuts
In Figure 2-5, the horizontal radiation pattern is plotted for reference direction (bore-sight) and maximum scan angle (60 degrees scan angle).
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Figure 2-5: Comparison of horizontal radiation pattern cuts
Figure 2-4 and Figure 2-5 shows instant radiation patterns for specific steering directions. For sharing studies related to protection of other services, the aggregated interference seen by the victim from a large footprint including many base stations the average radiation pattern is more relevant to consider. For the average radiation pattern the grating lobe response proceed by the sub-array geometry will be significant suppressed. Hence, antenna structures using sub-arrays performance better than systems with single elements structures in terms of meeting sharing criterions. 
Previously, with the introduction of sub-arrays for the frequency range 1710 to 4990 MHz it has been shown that sub-arrays have neglectable impact on the coexistence within and between cellular networks. 
With the introduction of sub-array parameters for the frequency range 4990 to 7125 MHz the antenna model will better reflect how future base station will be designed. 

3. Conclusion
In this contribution additional antenna model parameter sets relevant for base stations intended for suburban and urban deployment scenarios using subarrays structures relevant for the frequency range 4990 to 7125 MHz is proposed.  

Based on the information presented in this contribution following is proposed: 
Proposal 1: Adopt the extended array antenna model supporting sub-arrays for the frequency range 4990 to 7125 MHz.
Proposal 2: Capture in TR 38.921 sub-array antenna parameter sets in Table 2-4 as additional parameter sets relevant for sub-urban and urban deployments within the frequency range 4990 to 7125 MHz.

A CR to TR 38.921 is prepared in a companion contribution [7].
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