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1. Introduction
At last RAN4 meeting (RAN4#98-bis-E) an extension to previous antenna model was discussed. The meeting summary is captured in [8]. To guide the discussion at this meeting a way-forward was agreed in [7]. 
Since the introduction of Active Antenna System (AAS) base station support in 3GPP, RAN4 have been using a parameterized array antenna model as a crucial component in system simulations related to coexistence evaluation and network performance analysis conducted on regular basis in RAN4 SI and WI.
The array antenna model is based on pattern multiplication between single Gaussian element patterns and the array factor pattern. When the model was developed the goal was to minimize the complexity, while still producing a representable and correct output. The model has the flexibility to support different sizes of uniformly rectangular array, which is relevant for AAS base stations. 
Since the introduction of AAS the development of base stations products has evolved to support different antenna geometries. It has been noticed that the model and corresponding parameter sets are no longer sufficient to reflect AAS base station radiation characteristics for all types of base stations. A clear trend in the industry is to utilize antenna geometries with sub-arrays in the vertical plane to optimize performance.  
In this contribution, 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, as visualized in Figure 1-1. 
[image: ]
Figure 1-1: Model hierarchy
The sub-array geometry as such is used in deployment scenarios where the vertical distribution of UEs is narrow and concentrated around 90 degrees vertical angle (antenna boresight). For this case the sub-array pattern can be used to optimize coverage performance within a limited vertical range. 
The extended model requires updated parameter sets for relevant AAS base station antenna geometries. Such data sets are provided in this contribution. 
A draft LS to ITU-R WP 5D and ECC PT1 is attached at the end on this contribution. 



The differences in this version compared to the original version [9] can be summarized as:
1. Draft LS text is updated.
2. The parameter Table 1.2 in draft LS is updated to separate mechanical down-tilt and pre-set sub-array down-tilt.
3. The pre-set sub-array down-tilt is set to 3 degrees.
4. Parameter 1.9 (Conducted power) needs to be corrected from 25 dBm (8x8 originally used in R4-2103104) to 28 dBm (4x8 sub-arrays).

Further discussions related to fine tuning of parameters are required:
1. Parameter 1.12 (mechanical down-tilt) may require fine tuning for different deployment scenarios. 
2. Further consider parameters relevant for systems operating above 5 GHz.

2. Discussion
The technical background and modelling aspects relevant for AAS base stations was originally described in TR 37.840, subclause 5.4.4 [1]. The model has been used for numerous studies in RAN4, including AAS, NR, HST, IAB, etc. The model has been adopted in other forums outside RAN4 and is also described in RAN1 in TR 36.897 [2] and in ITU-R in recommendation M.2101 [3]. 
The antenna model is built around pattern multiplication between the element radiation pattern and the array factor radiation pattern. The equations constituting the core of the antenna model is summarized in Table 2-1. 
Table 2-1: Current antenna model 
	Description
	Equation

	Peak normalized element radiation pattern
	


	Element radiation pattern
	

	Array excitation
	

	Composite array radiation pattern
	
, where




The model supports single element array antenna geometries and is applicable for base stations using such an antenna array. With correct selection of parameters, the model accurately produces radiation patterns with unitary total gain integration. 
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. In order to reflect this in coexistence and sharing studies, there is a need to consider an extension to the array antenna model. 
In Figure 2-1, an example of array antenna geometries (A, B, C) is visualized together with the current single element base line. 
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Figure 2-1: Base station array antenna geometries
When co-existence is evaluated in RAN4, the focus is on the main beam pointing towards the UE, but for other compatibility scenarios, e.g. with other services, the focus is not necessarily just the main beam. Spatial regions outside the main beam may also be highly relevant. Since the sub-array topology will affect the radiating characteristics in the sidelobe region, the model needs to be extended to provide the ability to model the sidelobe region characteristics correctly with reasonable complexity.
A sub-array is a radiating element created by combining multiple individual single Gaussian elements. For base stations it is common to combine elements in the vertical domain since the angular distribution of UE’s tends to be spread out widely in the horizontal domain and more narrowly in the vertical domain. 
The model is evaluated by producing radiation patterns for beams corresponding to reference direction (minimum vertical steering, 0 degrees) and maximum down-tilt direction (12 degrees) according to the concept used to declare beam characteristics in TS 38.141-2 [4]. In addition, vertical radiation pattern cuts are provided for reference direction and maximum down-tilt direction for parameter set A, B, and C in in Figure 2-2, with 3GPP rural as baseline.
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Figure 2-2: Comparison between different vertical radiation pattern cuts produced by different parameter sets
It can be noticed that patterns produced by different parameter sets give different characteristics in the vertical side-lobe region towards the sky (between 0 to 90 degrees).  
The antenna array model can be extended to support sub-arrays by introducing an intermediate processing stage, as indicated in Figure 1-1. The extended model requires an extended parameter set including parameters to describe the sub-array. The extended parameter set is listed in Table 2-2.
Table 2-2: 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



The vertical sub-array pattern is created from Gaussian elements. The sub-array pattern is used as element pattern instead of the single element to create the composite array antenna radiation pattern. 
In Figure 2-3, vertical radiation patterns cuts produced from a single Gaussian element and sub-arrays with different lengths are compared. Using sub-arrays is one design approach to spatially filter the radiated power for a limited steering range.
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Figure 2-3: Vertical sub-array patterns
When introducing the sub-array an opportunity to apply a pre-set down-tilt arises. The pre-set down-tilt is essential when performance is optimized to suppress impact from grating lobes in unintended directions. 
In Table 2-3, the model equations relevant for the intermediate sub-array stage is included in the antenna array model.
Table 2-3: 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




For the case where single element array geometries is considered (Msub=1), the extended array model collapses to current model described in TR 37.840. As an additional step to further assess the extended model’s adoption is presented in Annex A, where system level simulations for NR adjacent channel coexistence are investigated. The results, that were benchmarked against the legacy AAS model, shows no additional cost in terms of coexistence impact, which further highlights the backward compatibility nature of the proposed extended AAS model.   
In Figure 2-2, some common array antenna geometries were plotted as representable examples. The parameters used to produce radiation patterns in Figure 2-2 are referred to as requirement set A, B and C relevant for frequencies below 5 GHz. For frequencies around 6 GHz both single element (as described in [5]) and sub-array geometries may be used. As an example, parameter values are listed for parameter set A, B and C together with parameter set defined for FR1 rural deployment in Table 2-4.
Table 2-4: Example parameter sets  
	Parameters
	A
	B
	C
	3GPP FR1 rural

	Am (dB)
	30
	30
	30
	30

	SLAv (dB)
	30
	30
	30
	30

	j3dB (Deg.)
	90
	90
	90
	90

	q3dB (Deg.)
	60
	65
	65
	54

	GE,max (dBi)
	6.7
	6.4
	6.4
	7.1

	Msub
	4
	3
	2
	1

	dv,sub (l)
	0.8
	0.7
	0.7
	N/A

	qsubtilt (Deg.)
	6
	6
	3
	N/A

	M
	2
	4
	4
	8

	N
	8
	8
	8
	8

	dh (l)
	0.5
	0.5
	0.5
	0.5

	dv (l)
	3.2
	2.1
	1.4
	0.9



From the values in Table 2-4, it can be noticed that parameter values depend on each other and must be selected carefully to model a physical implementation accurately.
The antenna element separation is an important parameter that must be selected with care. Obviously, the value is static for a specific base station design, whereas the compatibility analysis may need to cover an entire frequency band. Typically, the antenna is designed to support given element separations for the highest frequency to avoid grating lobes for lower frequencies, but other design principles can be used for base stations supporting multiple bands or very wide operating bands. 
The parameters used to define steering ranges referred to as base station maximum coverage angle in the horizontal plane (1.10) and base station vertical coverage range (1.11) in the LS response to ITU-R WP 5D [5] is intended to be used to describe the angular range for which the main beam is steered within to provide coverage for a specific deployment scenario. The intension was to use the parameters to limit the steering range to avoid unrealistic steering angles producing irrelevant radiation patterns. 

3. Conclusion
AAS base stations have evolved since the introduction of support for AAS in 3GPP specifications. Consequently, a model extension is considered to capture radiation pattern characteristics for different types of AAS base stations. The model extension adds an intermediate stage where vertical sub-arrays are modelled before the array factor applied.
The parameterized antenna model with the proposed extension together with the appropriate parameters provides a method for flexible modelling of different base stations including sub-array solutions.  
At the end of this contribution a draft LS to ITU-R WP 5D and ECC PT1 is prepared to give additional information on antenna parameters for the frequency range 1710 to 4990 MHz and frequencies around 6 GHz.  
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5. Annex: Coexistence aspects
In this Annex we present preliminary simulation results for NR adjacent channel coexistence study with the adoption of the extended AAS model in outdoor urban macro deployments where both uplink (UL) and downlink (DL) cases are analysed. Our results are benchmarked against the legacy AAS model and the results show observed cost on system level’s performance with the extended AAS model. The coexistence simulation assumptions adopted in this study follow the ones considered in [6]. The list of the simulation assumptions for the considered scenarios is reported in Table 5-1. 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). 
[bookmark: _Ref67647468]Table 5-1 List of system level simulation parameters
	Deployment
	
	hexagonal grid, 19 macro sites, 3 sectors per site with wrap around

	System Parameters
	Carrier Frequency
	30 GHz 

	
	Channel BW
	200 MHz

	
	Number of active UEs
	1

	
	Channel model
	UMa

	BS
	(Mg, Ng, M, N, P) 
	(1,1,8,16,2)

	
	Am (dB)
	30

	
	SLAv (dB)
	30

	
	j3dB (Deg.)
	90

	
	q3dB (Deg.)
	65

	
	Antenna element gain 
	8 dBi

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

	
	Max Tx Power 
	43 dBm 

	
	Noise Figure 
	11 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
	5 dBi

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

	
	Max Tx Power
	23 dBm 

	
	Noise figure
	11 dB

	
	LoS/ NLoS
	LoS probability for UMa deployment



In Figure 5-2, the downlink and uplink throughput degradation as a function of the adjacent channel interference ratio (ACIR) is plotted. We compare between the legacy AAS model with a single sub-array, represented by the blue curves, with two variants with 2 and 4 sub-arrays, each having 4 and 2 elements, respectively, leading to the same number of total antenna elements across the three considered AAS deployments. 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 proposed in this contribution is compatible with already RF requirements derived in RAN 4. 
	[image: ]
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Figure 5-2 Downlink (left) and uplink (right) mean throughput degradation for different AAS deployments
The simulation setup is similar for FR1, but with different parameter assumptions, hence it is expected to see the same results for FR1.
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1	Overall description
RAN WG4 received the incoming LS from ITU-R Working Party 5D on Parameters of terrestrial component of IMT for sharing and compatibility studies in preparation for WRC-23 (Att. 7.4 to 5D/134). In R4-2103104 information was updated. As an addition, an extension to the AAS array antenna model to support sub-arrays was presented in R4-2106354. 
The intention with the AAS model extension is to provide a tool to better represent and adapt radiation pattern characteristics for base station with AAS sub-array antenna geometries commonly used for operating within 1710 to 4990 MHz.  
An extended version of the AAS array antenna model is created to support vertical sub-array geometries. The model equations are summarized in Table 1-1. 
Table 1-1: 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
	

	Composite array radiation pattern
	
, where




In Table 1-2, representable parameter sets relevant for an AAS base station operating within 1710 to 4990 MHz are provided. 
Table 1-2: Beamforming antenna characteristics supporting subarray structures for IMT in 1710 – 4990 MHz 
	
	
	Macro Rural
	Macro suburban
	Macro urban

	1
	Base station Antenna Characteristics

	1.1
	Antenna pattern 
	Refer to Recommendation ITU-R M.2101with sub-array extension

	1.2
	Element gain (dBi) (Note 2)
	6.4
	6.4
	6.4

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

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

	1.5
	Antenna polarization 
	Linear ±45º
	Linear ±45º
	Linear ±45º

	1.6
	Antenna sub-array configuration (Row × Column) 
(Note 4)
	4 × 8 elements
	4 × 8 elements
	4 × 8 elements

	1.7
	Horizontal/Vertical radiating element/sub-array spacing 
	0.5 of wavelength for H, 2.1 of wavelength for V
	0.5 of wavelength for H, 2.1 of wavelength for V
	0.5 of wavelength for H, 2.1 of wavelength for V

	1.7a
	Number of element rows in sub-array
	3
	3
	3

	1.7b
	Vertical element separation in sub-array
	0.7 of wavelength of V
	0.7 of wavelength of V
	0.7 of wavelength of V

	1.7c
	Pre-set sub-array down-tilt (degrees)
	3
	3
	3

	1.8
	Array Ohmic loss (dB) (Note 2)
	2
	2
	2

	1.9
	Conducted power (before Ohmic loss) per sub-array (dBm) (Note 3) 
	28
	28
	28

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

	1.11
	Base station vertical coverage range (degrees) (Note 1)
	90-100
	90-100
	90-100

	1.12
	Mechanical down-tilt (degrees) 
	3
	6
	6



Note 1:	The vertical coverage range is given for the elevation angle θ, defined between 0° and 180° as 
in ITU-R M.2101.
Note 2:	The element gain in row 1.2 includes the loss given in row 1.8.
Note 3:	The conducted power per sub-array assumes 4x8x2 sub-arrays (i.e. power per H/V polarized element).
Note 4:	4 × 8 means there are 4 vertical and 8 horizontal radiating sub-arrays. 

For frequencies below 5 GHz only array antennas using sub-array as described in Table 2-1 needs to be considered, and for frequencies around 6 GHz both single element and sub-array configuration could be considered. For urban small cell and micro cell deployments only single element parameters should be considered.
The antenna parameters presented above holds complementary information to previously communicated LS on IMT parameters. 




2	Actions
To ITU-R WP 5D and ECC PT1
ACTION: 	3GPP TSG RAN asks ITU-R WP 5D and ECC PT1 to take into account the above information concerning AAS array antenna modelling and IMT AAS array antenna parameters for consideration. 

3	Dates of next TSG RAN WG 4 meetings
TSG RAN4 Meeting #100-E	16 – 27 August, 2021		Online
TSG RAN4 Meeting #101-E	1 – 12 November, 2021		Online
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