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I. Introduction
At RAN4#98-bis-E meeting, an extended sub-array model was presented in [1] to better reflect base stations deployed in networks. Accordingly, a way forward was agreed in [2] regarding further studying the impact of the proposed extension sub-array model on RAN4 co-existence. The In addition, co-existence impact for FR2 was provided, where it was shown that RAN4 co-existence is not affected by the extended antenna model for FR2 [2]. 
To complement the analysis conducted in [2], throughout this contribution we will investigate thoroughly the impact of the extended sub-array model on RAN4 co-existence for FR1. Moreover, a deeper treatment of the sub-array model will be presented highlighting the backward compatibility of the proposed model to the current adopted model that was analysed in [3].
II. Discussion
The technical background and modelling aspects relevant for Active Antenna System (AAS) base stations is originally described in [3], subclause 5.4.4. Since its adoption, the model has been used for numerous studies in RAN4, including AAS, NR, HST, IAB, etc. Other forums outside RAN4 have also utilized the model such as RAN1 in TR 36.897 [4] and ITU-R in recommendation M.2101 [5]. The model supports single element array antenna geometries and is applicable for base stations using such an antenna array. However, since the introduction of AAS base stations the array antenna design has evolved from using single element geometries to also allow geometries using sub-arrays. To reflect this in coexistence and sharing studies, there is a need to consider an extension to the array antenna model. 
In [1], an extension to the current model is presented to better represent the antenna radiation of such AAS base stations. The extension thus adds support for sub-array antenna geometries. The extension can be seen as an intermediate processing stage inserted between the element factor and array factor. For more information regarding the mathematical modelling, parameterization, the reader is kindly referred to [1]. In RAN4#98-bis-E meeting, it was agreed to further consider the impact of RAN4 co-existence. It is worth noting that in [1] co-existence simulation results targeting FR2 deployments were presented where it was shown that a very close (nearly identical) throughput loss is observed between the current and extended antenna model in terms of throughout degradation. It was concluded that the extended model proposed in this contribution is compatible with already RF requirements derived in RAN 4 [6]. 
Observation 1: The extended sub-array antenna model is compatible with the defined RF requirements derived in RAN4 for FR2 deployments. 
To understand the impact of different antenna array deployments (i.e., with and without sub-arrays), we focus on three different deployments which are summarized as follows:
a) Baseline:  Antenna array consisting of 16x8 elements (Row × Column). This deployment represents the case of having no sub-array deployments (i.e.,  = 1), 
b) Variant A: Antenna array consisting of 16x2 elements (Row × Column), with 2 sub-arrays in the vertical domain (i.e.,  = 4), and
c) Variant B: Antenna array consisting of 16x4 elements (Row × Column), with 4 sub-arrays in the vertical domain (i.e.,  = 2).
A pictorial representation of the three variants is shown in Figure 1-b, where we show the possible different categorization of the dual polarized antenna elements and the sub-array elements vertically. It is worth noting that throughout this contribution we only focus on deploying sub-array vertically, which is matching to commercial BS deployments [1]. In Figure 1-b, the composite antenna radiation pattern is plotted for the considered variants for a given target elevation and azimuth angles (i.e., ). Additionally, the total radiated power of the antenna radiation pattern is highlighted, which is evaluated as
,
where  represents the composite antenna radiation pattern. To yield the comparison fair, the number of total antenna elements is kept the same among the three variants. It can be observed that adopting the sub-array model can yield higher grating lobes for some elevation angles, however, the total radiated energy from the antenna array is the same between the three variants. Such a result is expected since employment of sub-arrays should not result in radiated/dissipated energy in the antenna array.  
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Figure 1-a) The considered three different antenna deployment visualization (left: Baseline, middle: Variant A, right: Variant B)
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[bookmark: _Ref70343695]Figure 1-b) Composite antenna gain in elevation along with the normalized total radiated power. 
To ensure the continuity of the array behaviour we evaluated the total radiated power of the composite antenna array for all possible beam directions (i.e., for all possible combinations of ). Although heavily complex, this experiment validated the energy preservation aspect among the three deployment variants. In Figure 2, a three-dimensional heatmap is shown, where the heat value represents the total radiated power(evaluated via (1)). Also, the probability distribution function (PDF) of the total radiated is plotted, where it is shown that the three deployments have nearly identical behaviour. 
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[bookmark: _Ref70346843]Figure 2 Total radiated power visualization for the different antenna deployments
Observation 2: The extended sub-array antenna model leads to same radiated energy as the baseline model. 
III. Simulation Results
Throughout this section focus will be shed on macro-urban FR1 deployments. Co-existence simulation results for NR adjacent channel coexistence study with the adoption of the extended model where both uplink (UL) and downlink (DL) cases will be presented. The list of the simulation assumptions is reported in Table 1. In addition, we follow the simulation methodology as Section 5.3 in [6], where RF parameters are determined based on the degradation cause by adjacent channel interference (ACI). 
Table 1 Urban macro system level simulation parameters
	System Parameters
	Deployment
	hexagonal grid, 19 macro sites, 3 sectors per site with wrap around

	
	Carrier Frequency
	2 GHz 

	
	Channel BW
	10 MHz

	
	Number of active UEs
	1

	
	Channel model
	UMa

	BS
	(Mg, Ng, M, N, P) 
	1)Baseline, 2) Variant A, and 3) Variant B

	
	
	1, 2, and 4

	
	Am (dB)
	30

	
	SLAv (dB)
	30

	
	j3dB (Deg.)
	90

	
	q3dB (Deg.)
	65

	
	
	0.5

	
	
	

	
	Antenna element gain 
	6.4 dBi

	
	Antenna element radiation pattern
	Section 5.2.3 in [6] for legacy AAS model and [1] for sub-array model

	
	Max Tx Power 
	25 dBm 

	
	Noise Figure 
	5 dB

	UE
	(Mg, Ng, M, N, P) 
	(1,1,2,2,2)

	
	Am (dB)
	30

	
	SLAv (dB)
	30

	
	j3dB (Deg.)
	90

	
	q3dB (Deg.)
	65

	
	Antenna element gain
	0 dBi

	
	Antenna element radiation pattern
	Section 5.2.3 in [6] for legacy AAS model

	
	Max Tx Power
	23 dBm 

	
	Noise figure
	9 dB

	
	LoS/ NLoS
	LoS probability for UMa deployment



In Figure 3, the downlink and uplink throughput degradation as a function of the adjacent channel interference ratio (ACIR) are plotted. As we can observe, a very close (nearly identical) throughput loss is observed between the three variants in terms of throughout degradation. As a result, we can conclude that the extended model, initially proposed in [1], does not impact the already RF requirements derived in RAN 4 for FR1. 
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[bookmark: _Ref70355769]Figure 3 Mean throughput loss for (left) downlink and (right) uplink.
Observation 3: The extended sub-array antenna model is compatible with the defined RF requirements derived in RAN4 for FR1 deployments.
IV. Conclusion
Throughout this contribution, we studied the FR1 co-existence impact of the sub-array extended array model proposed in [1] from RAN 4 perspective. As a summary, we have the following observations: 
Observation 1: The extended sub-array antenna model is compatible with the defined RF requirements derived in RAN4 for FR2 deployments. 
Observation 2: The extended sub-array antenna model leads to same radiated energy as the baseline model. 
Observation 3: The extended sub-array antenna model is compatible with the defined RF requirements derived in RAN4 for FR1 deployments. 
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