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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 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].
At RAN4#99-e, RAN4 agreed an extended AAS array model is applicable for an AAS base station operating within 1710 to 4990 MHz.
In this contribution, we provide our view on the applicability of the extended AAS array model.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Discussion
[bookmark: OLE_LINK30][bookmark: OLE_LINK31]The existing AAS antenna model defined in ITU-R M.2101 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



The extended AAS antenna model is created to support vertical sub-array geometries with fixed sub-array down-tilt and the model equations are characterized in Table 2-2. 
Table 2-2: 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)

	Composite array radiation pattern
	
, where

Where M and N is corresponding to (Row × Column) 



[bookmark: _GoBack]For a sub-array constituted by multiple elements using a common element excitation, as shown in Figure 2-1, the extended AAS model applies. For such a case where vertical steering is not needed or the steering range is relatively limited, the sub-array with fixed tilt is applicable using a common element excitation. As discussed in previous meeting [3], AAS sub-array antenna is used for operation within 1710 to 4990 MHz. The benefit of the implementation is that the number of TR units can be reduced and then reduce the cost. One peculiarity of the implementation is that it will cause grating lobe when enlarge the steering range in some level.
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Figure 2-1 an example of sub-array antenna implementation
And for the case where vertical steering is enlarged for the coverage in vertical plane, the sub-array should have the steering capability, hence individual element excitation is needed. 2 examples of implementations using single element model are shown in Figure 2-2. For frequency range at 7 GHz and 10 GHz, co-existence with incumbent service such as satellite need to be taken into account. The grating lobe issue and limited vertical steering range make sub-array antenna implementation might not be applicable for the two frequency ranges.
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Figure 2-2 examples of implementations using single element model
Proposal: for BS operating in 6.425 - 7.125 GHz and 10.0 - 10.5 GHz, the single element model is applicable.
Conclusions
In this paper, we provide discussion on the antenna model extension and also its applicability. 
Proposal: for BS operating in 6.425 - 7.125 GHz and 10.0 - 10.5 GHz, the single element model is applicable.
References
[1] R4-2103104, LS on Parameters of terrestrial component of IMT for sharing and compatibility studies in preparation for WRC-23 (6.425 to 10.5 GHz), RAN4
[2] R4-2106354, “Draft LS to ITU-R and CEPT on extension of IMT array antenna model to support sub-array structures”, Ericsson, Nokia, Qualcomm
[bookmark: _Hlk72912952][3] R4-2108080, LS to ITU-R and CEPT on extension of IMT array antenna model to support sub-array structures, TSG RAN WG4

Annex

