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1. Introduction
At the last RAN4 meeting (RAN4#96-E) the work regarding simulation parameters for base station operating within the frequency range 6.425 to 7.025 GHz, 7.025 to 7.125 GHz and 10.0 to 10.5 GHz was progressed. Remaining open issues are captured in a way forward [2] and a reply LS with antenna parameters was sent to ITU-R WP 5D [1].
It is reasonable to believe that AAS base station implementations for the frequency range 6 to 10 GHz will exist in many different variants with different characteristics in terms of spatial selectivity tailored for different deployment scenarios. The antenna model used to describe AAS base station spatial characteristics is built around a classic pattern multiplication between element factor radiation pattern and array factor radiation pattern. This approach was selected since it models the spatial characteristics well and is reasonable complex. However, the model has some limitation to further consider in the context of sharing studies.
In this contribution we elaborate around some relevant information to consider regarding the array antenna model capabilities and performance relevant for sharing studies. In the initial LS [3], ITU-R WP 5D asks for model, relevant parameters and additional information on any other current or future feature of IMT systems that could be relevant for the sharing and compatibility studies with respect to other services.


2. Discussion
Traditionally, antenna data sheets provide information on not only the antenna peak gain in the intended direction but also the gain in unwanted directions. To describe characteristics in unintended directions the following metrics are used:
1. The antenna front-to-back ratio, which is the power ratio of radiative power in the main beam directions to the power radiated in the backward direction.
2. The antenna side lobe ratio, which is the power ratio between the main beam direction and the power of the strongest side lobe. 
However, for an AAS base station it is clear that these traditional metrics of antenna characteristics are not directly relevant, since an AAS base station has the ability to adaptively shape the spatial characteristics to maintain optimum network throughput. Therefore, it was concluded in TR 38.817-02 [8] to enhance the declarations for AAS base station to include information of spatial distribution of radiated power. As a result, additional declarations were defined in TS 38.141-2 [9], Annex G. The additional declarations include information on how much power is radiated outside the intended coverage region in relation to the power radiated with in the intended coverage region. 
The array antenna model originally defined for AAS base station in TR 37.840, subclause 5.4.4 [5] for co-existence and performance simulations and later adopted by ITU-R in M.2101 [6] for sharing studies is a parameterized antenna model. The array antenna model is built around the concept of pattern multiplication between the element factor pattern and the array factor pattern. The model is suitable for modelling the main beam and region close to the main beam for proper selected parameter sets as described in TR 38.820, subclause 7.2.4 [10]. 
For regions far away from the main beam, the levels are expected to be much lower than the main beam, hence the sensitivity to the parameter selection is even larger in the side-lobe region. The array model is designed to be used in the positive halfsphere around the normal to the array antenna aperture. Hence, the radiation in the background direction is not modelled correctly, since either ground plane effects, and edge effects is considered by the model. 
Since the array antenna model is based on pattern multiplication between the element factor and array factor, effects such as mutual coupling is not captured, hence all elements are assumed to be equal. In a real array antenna, the elements will interact with each other resulting in element pattern distortions. The distortion will result in pattern distortions not captured by the model. 
Given an antenna array with M multiplied by N identical elements, the radiation pattern of the array antenna can be described according to the pattern multiplication theorem as:
 	(Eq. 2-1)
, where is RE is the radiation pattern for the array elements and RA is the radiation pattern associated to the array factor. The element patten, RE(q,j) is based on a parameterized Gaussian shaped element, with floors to model for side-lobe levels and front-to-back ratio. The element peak gain is directivity normalized, hence the peak element gain GE,max, element loss LE and half power beam widths 3dB and 3dB must be selected carefully to maintain correct antenna gain. 
It can be noticed that both the element factor and the array factor can be used to shape the composite radiation pattern. The element pattern can be used to suppress side-lobe characteristics. For a limited steering range, a sub-array element can be used to suppress side-lobes better than a single element configuration. Typically for an AAS base station implementation the element radiation pattern and the array factor are customized to optimize the coverage within a specific coverage range for a given deployment scenario.  
For a general array antenna, the array factor radiation pattern for transmitting array antenna with MN element per polarization can be expressed as:
 		(Eq. 2-2)
, where wn is the complex array excitation, k is the wave vector of the transmitted wave and r is the element location matrix.
Regarding the array factor the antenna model have the following restrictions;
1. Only Uniform Rectangular Array (URA) antenna geometries is supported, where elements are located in a uniform lattice with vertical separation dv and horizontal separation dh.
2. Only uniform amplitude and linear phase excitation is supported.
3. Unlike models used for passive antennas (described in recommendation ITU-R F.1336-5 [7]), the model does not include an industry implementation margin. 

The intension with the antenna model was to describe the AAS base station radiation pattern characteristics maximum capabilities. Hence, the model does not capture base band signal processing aspects described in RAN1 layer-1 specifications. The model is suitable for modelling individual beams and associated spatial characteristics. 
The listed restrictions minimize modelling freedoms to tune the excitation and array geometry to spatially suppress side-lobe levels and create nulls towards specific directions to mitigate interference situations. For real base station implementations such restrictions do not exist, instead all means in terms of element selection, array geometry and excitation principles will be used to optimize network performance and minimize interference. 
At last meeting the array antenna parameters for the frequency range 6.425 to 10.500 GHz was agreed. The result is listed in Table 2-1.
Table 2-1: Array antenna model parameter sets 
	Description
	Parameter
	Macro
Sub-urban
	Macro
Urban
	Micro
Urban

	Element front to back ratio (dB)
	Am 
	30
	30
	30

	Element side lobe suppression (dB)
	SLAv 
	30
	30
	30

	Element horizontal HPBW (deg.)
	3dB 
	90 
	90
	90

	Element vertical HPBW (deg.)
	3dB 
	65
	90
	90

	Element peak gain (dBi)
	GE,max 
	6.4
	5.5
	5.5

	Element loss (dB)
	LE  
	2.0
	2.0
	2.0

	Number of radiating elements rows and columns
	(M, N)
	(16, 8)
	(16, 8)
	(8,8)

	Horizontal element separation (m)
	dh 
	0.5
	0.5
	0.5

	Vertical element separation (m)
	dv 
	0.7
	0.5
	0.5

	Horizontal coverage range (deg.)
	jrange,min < jescan < jrange,max  
	+/- 60
	+/- 60
	+/- 60

	Vertical coverage range (deg.)
	qrange,min < qetilt < qrange,max  
	90 to 100
	90 to 120
	90 to 120

	Conducted power before loss per antenna element (dBm)
	Ptx 
	22
	22
	16

	Mechanical down-tilt (deg.)
	qmech 
	6
	10
	N/A



The parameter sets defined in Table 2-1, reflects input from multiple base station manufactures and different implementations. The intension is to indicate relevant typical array antenna configurations for different deployment scenarios. 
[bookmark: _GoBack]For all parameter sets defined for FR1, 6.425 to 10.5 GHz and FR2, the element separation is defined in terms of wavelength, which is reasonable if the operation frequency is known. For a base station implementation intended for operation within a specific operating band it is vital to define for what frequency the element separation is considered. Typically, for an implementation the element separation in terms of wavelength is fulfilled at the highest channel within the operating band. Currently, the model description and associated parameters sets gives no guidance on how to set the element separation in terms of distance in meters. 
The model does not include implementation margin to handle frequency variation, variation of induvial samples, ageing and temperature variation. The EIRP requirement defined in TS 38.104 stipulates an accuracy window around the declared power, to handle the main beam variation, but no requirements exist for the side-lobe region, which is most sensitivity to temperature and induvial sample variations.

Observations:

1. When the spatial characterises within a specific operating band is evaluated the element separation needs to be tied to a specific design frequency. Currently, the element separation is set in terms of wave lengths and there is no guidance on how to set the element separation with respect to a specific design frequency within an operating band. 

2. The array antenna model does not include an industry implementation margin. Currently, the model produces infinite deep nulls and theoretical side-lobe characteristics. 

3. The currently described array antenna model excludes for any type of interference mitigation solutions, since the excitation is looked to linear phase progression. Real base station implementations will utilize the freedom to adopt excitations to optimise the main beam performance and well as side-lobe characteristics for optimal performance. 

Therefore, using the antenna model adopted in 3GPP RAN4 and ITU-R WP 5D, additional essential information is required when the results are evaluated. The aspects not captured by the antenna model and used by the base station manufactures to optimize the spatial selectivity performance will be implementation specific and almost certainly the details will differ between different implementations and implementation intended for FR1 and FR2. 
From the Study Item objective, the LS from ITU-R requests information to be communicated from 3GPP RAN4 to ITU-R WP 5D according following list:
a. Overview of IMT technology related RF parameters.
b. Overview of beamforming antenna characteristics for IMT (as summarized in Table 2-1).
c. Additional information on any other current or future feature of IMT systems that could be relevant for the sharing and compatibility studies with respect to other services.
Information regarding the (a) and (b) have been collected in tables and communicated to ITU-R WP 5D, while additional information (c) have not yet been included in previous LS response. At last meeting some additional information was summarized in a contribution [4]. 
From the above evaluation of the array antenna model some more essential information been collected to be considered to send to ITU-R as additional information;

Steering range: A base station will steer power to achieve coverage within a volume where the UEs are located. The most dominating case is when UEs are located on ground, which corresponds to a very narrow vertical steering range and a wide horizontal steering range (often set to provide sector coverage). From a statistical point of view, the base station will direct power within the steering range, which means that no beam will be steering outside the steering range where no UEs are located.  The vertical and horizontal steering range is now included as parameters (see Table 2-1), to guide on steering ranges to be considered during coexistence evaluations. This means that modelling the antenna array the steering angles (qetilt, jescan) using the model should be selected as:


, where the vertical coverage range is described be the interval [qetilt,min, qetilt,max] and horizontal coverage range is described by the interval [jescan,min, jescan,max ]. 

Coverage optimization: The steering capabilities can be optimized by directing the energy towards the centre of the coverage region. For that mechanical down-tilt can be used to better use the antenna aperture and steer power towards where the UEs are expected to be located. Mechanical down-tilt can be modelled as a coordinate transformation as described in TR 36.814, Annex 2.1.6. The mechanical tilt angle qmech is included within the coverage range as: 

For base station operating within FR1, Remote Electrical Tilt (RET) is typically used to steer the coverage range for optimal coverage. The RET is used to optimize the coverage during deployment and can be used to optimize the performance in slow time during operation.  

Adaptive beamforming: The spatial distribution of the radiated power can be optimized by using non-uniform excitations. In classical antenna theory amplitude tapering can be used to suppress side-lobes. Radiation pattern nulls can be created in specific directions to mitigate a potential interference situation. Instead of a linear phase progression, non-linear phase progression can be used to optimize the side-lobe characteristics for a specific deployment scenario. With AAS base stations, the radiation characterises will be changed in real time to optimize for best performance. 
As the array antenna model is defined the array excitation is set to:

, where An=1 and jn is determined for the linear phase progression. This will exclude many possibilities to optimize the radiation pattern. According to base band algorithms defined in layer-1 specifications [11] the code book produces more advance radiation patterns than what is supported by the array model. 
If the base station transceivers operating in a coherent operation, the beam pointing direction is known. Which means that a spatial power profile can be used to regulate the power radiated in specific directions, this technique can be used to optimize performance by not using more power than needed for a specific scenario. 

Array geometry: For specific deployment scenarios base station can be designed with a specific array antenna geometry that optimizes the radiated power within the coverage range. Instead of single element URA geometries, other more advanced geometries are commonly used. The element separation can vary over the antenna aperture to optimize the radiating characteristics. For a specific limited coverage range sub-array elements can be used to amplify the effect of the element factor to suppress radiation in the side-lobe region and non-uniform lattices can be used to optimize the spatial characteristics outside the main beam.
In coexistence and sharing studies it is vital when the result is evaluated to consider that the adopted antenna array model does not capture the complete picture regarding the spatial characteristics. The antenna model gives a good indication for representable implementations. But to keep the model reasonable simple it was decided to exclude many vital components when the model was created. 

3. Conclusion
In this contribution we elaborate around the capability of the currently used array model and potential additional interference mitigation techniques not currently supported by the model. 
When the results from the array antenna model is evaluated it is vital to consider the additional mitigation technical can be used to improve the spatial selectivity of real base station products. 

Proposal:
It is proposed to capture additional information from this contribution as a complement to the antenna array model and corresponding parameters to better describe typical base station spatial characteristics in the planned LS reply to ITU-R WP 5D.  
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