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1  Introduction

The terminology used for AAS BS is explained in subclause 3.1 of TR 37.840 [1]. These taxonomy and terms used by RAN4 are mostly adopted from the IEEE Standard Definitions of Terms for Antennas [2]. A set of terminology used throughout the AAS study item phase was proposed by proponents, mostly as a result of new terms emerging from the AAS coexistence study [4] – [6].

In this contribution, we provided proposals on how to specify the AAS basic terminologies, especially for AAS-specific and antenna related definitions. This contribution is also revised from [8] submitted in RAN4#68.    
2 Discussions
The antenna-related terminologies are described first: 

Active Antenna System (AAS)

Definition:  a BS system which combines an Antenna Array with an Active Transceiver Unit Array. An AAS may include a Radio Distribution Network. 

This definition is specific to RAN4 AAS work. The definition is also based upon the radio architecture in subclause 4.2, TR 37.840 in [1]. Note that there are potentially more than one definition of AAS in industry and academic domain. 

Array Element

Definition: a subdivision of a passive antenna array, consisting of a single radiating element or a group of radiating elements, with a fixed radiation pattern.

This definition is adopted from IEEE standard. To understand this definition, it is useful to refer to Figure 1 [6]. 
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Figure 1: Illustrations of building blocks of Antenna Array in AAS BS

Figure 1 shows that the basic components used to construct the antenna array for AAS BS and non-AAS BS are the same. These components are radiating element, and array element. 

Radiating Element

Definition: the basic building block of an array element characterized by its radiation properties.

This is one of the building blocks of antenna array shown in Figure 1. The radiating element is basically defined in relation to the array element. The definition is different from the IEEE standard. In IEEE standard, a radiating element is defined as a subdivision of an antenna that in itself is capable of radiating or receiving radio waves. Example of radiating element is dipole antenna, a horn, a slot or a patch. Therefore, radiating element forms part of an antenna. 

In IEEE standard, an antenna is defined as the transmitting or receiving system that is designed to radiate or receive EM waves. From this definition, we can deduce that an antenna consists of radiating element(s) and other components like filter, combiner, phase shifter, etc. Note also that the radiating element and radiator have different definition in the IEEE standard. A radiator is defined as any antenna or radiating element that is a discrete physical and functional entity.   

Antenna Array

Definition: a group of antenna elements characterized by the geometry and the properties of the array elements. The geometry of the array elements can be either linear or non-linear to meet the system requirements. 
Antenna array and array antenna can be used interchangeably. The antenna array is defined by its geometry and the properties of its array elements. The definition is different from IEEE Standard. In the IEEE standard definition, antenna array or array antenna is comprised of a number of identical radiating elements that arranged in certain geometry and excited to obtain a prescribed radiation pattern. So, different from the RAN4 definition, the IEEE standard definition mentions the radiation pattern of the antenna array. An array antenna can be e.g. one-dimensional (linear array) or two-dimensional (planar array).      

Array Factor

Definition: the radiation pattern of an array antenna when each array element is considered to radiate isotropically.

NOTE:
When the radiation pattern of individual array elements are identical, and the array elements are congruent under translation, then the product of the array factor and the element radiation pattern gives the radiation pattern of the entire array.
This definition is directly adopted from IEEE Standard. The term is defined due to its usage in the AAS BS work in RAN4 [7]. Array factor is used to describe the radiation pattern of an antenna array. Each array element is assumed to radiate isotropically. 

Radiation Pattern

Definition: the angular distribution of the radiated electromagnetic field or power level in the far field region.

This definition is different from IEEE standard. Radiation pattern and antenna pattern can be used interchangeably. In IEEE standard, the antenna pattern/radiation pattern is defined as spatial distribution of a quantity that characterizes the EM field generated by an antenna. 

The spatial distribution can be expressed either mathematically or graphically. The quantities that are normally used to characterize the radiation from an antenna are propotional to or equal to power flux density, radiation intensity, directivity, phase, polarization and field strength.   

Directivity 

Definition: the ratio of the radiation intensity in a given direction from the antenna to the radiation intensity averaged over all directions.

This definition is directly adopted from the IEEE standard. Note that the average radiation intensity is equal to the total power radiated by the antenna divided by 4(. If the direction is not specified, then it is implied that the direction of maximum radiation intensity is used. 

Gain

Definition: the ratio of the radiation intensity, in a given direction, to the radiation intensity that would be obtained if the power accepted by the antenna were radiated isotropically.

NOTES: If the direction is not specified, the direction of maximum radiation intensity is implied.
This definition is directly adopted from the IEEE standard. Gain and absolute gain (of an antenna) are used interchangeably. The radiation intensity corresponding to the isotropically radiated power is equal to the power accepted by the antenna divided by 4(. The gain or power gain of an antenna is used to quantify how efficient the antenna transforms its input power to the radiated power. Gain does not include losses arising from impedance and polarization mismatch. The relationship between gain and directivity is expressed through radiation efficiency (i.e. ratio of Pr/Pin):
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Down-tilt Angle

Definition: the angle between the direction of the maximum antenna gain and the horizontal plane.

This definition is RAN4 specific. There is no such definition in IEEE standard. The horizontal plane is the plane at the height of the BS antenna. 

Front-to-Back Ratio

Definition: the ratio of maximum directivity of an antenna to its directivity in a specified rearward direction.

This definition is directly adopted from the IEEE standard. This term is only applicable to beam-type patterns. If there is no specific rearward direction specified, then it is assumed that the rearward direction is 180o of the maximum antenna gain direction. 
Half Power Beam-width

Definition: in a radiation pattern cut containing the direction of the maximum of a lobe, the angle between two directions in which the radiation intensity is one-half the maximum value.

This definition is directly adopted from IEEE standard. From the radiation pattern of an antenna, the half-power beanwidth measures the main lobe beamwidth at which the main lobe power level is one-half of the maximum main lobe power. Figure 2 is shown to illustrate the half-power beamwidth. 
[image: image3.emf]
Figure 2: Half power beamwidh illustration

Other basic terminologies that relate strongly to AAS BS are described below: 

Transceiver Unit

Definition: the active unit consisting of transmitter and/or receiver which transmits and/or receives radio signals. 

This definition is specific to the AAS radio architecture. The transceiver used by AAS BS is the miniaturized Tx/Rx unit and there is an array of transceivers employed in AAS BS architecture. 

AAS Transceiver Unit Array

Definition: an array of transceiver units which generate radio signals in the transmit direction and accept radio signals in the receive direction. 

There are many transceivers being used in the AAS BS, as compared to the traditional BS. 

Radio Distribution Network

Definition: a passive network which distributes radio signals generated by the active transceiver unit array to the antenna array, and/or distributes the radio signals collected by the antenna array to the active transceiver unit array.

NOTE: 
In the case when the active transceiver units are physically integrated with the array elements of the antenna array, the radio distribution network is a one-to-one mapping. 

The radio distribution network (RDN) is one of the generic AAS radio architecture components given in subclause 4.2, TR 37.840 in [1]. 

Cell Partitioning

Definition: the division of coverage in a sector into multiple subsectors. The subsectors may be divided in the vertical and/or horizontal planes.
Cell partition is the key deployment strategy of AAS BS. There are two way of cell partitioning: Vertical and Horizontal cell partitioning/splitting. Figure 3 depicts the cell partitioning. 
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Horizontal cell splitting
Figure 3: AAS BS cell partitioning examples
A set of TPs has been formulated from the above description, as shown in Appendix. 
Proposal: To adopt the TPs as baseline in order to progress the AAS standardisation work. 

3 Conclusions
In this contribution, description of AAS related terminologies was provided. TPs (in Appendix) were then proposed into the new AAS TR to facilitate the AAS standardisation work. 
Proposal: To adopt the TPs as baseline in order to progress the AAS standardisation work. 
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Appendix: Proposed AAS terminologies TPs for TR 37.8xx
============================= Start of TPs ========================================
3
Definitions, symbols and abbreviations

3.1
Definitions

For the purposes of the present document, the terms and definitions given in TR 21.905 [x] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in TR 21.905 [x].
Active Antenna System:  a BS system which combines an Antenna Array with an Active Transceiver Unit Array. An AAS may include a Radio Distribution Network. 
AAS Transceiver Unit Array: an array of transceiver units which generate radio signals in the transmit direction and accept radio signals in the receive direction.
Array Element: a subdivision of a passive antenna array, consisting of a single radiating element or a group of radiating elements, with a fixed radiation pattern.
Antenna Array: a group of antenna elements characterized by the geometry and the properties of the array elements.
Array Factor: the radiation pattern of an array antenna when each array element is considered to radiate isotropically.
NOTE:
When the radiation pattern of individual array elements are identical, and the array elements are congruent under translation, then the product of the array factor and the array element radiation pattern gives the radiation pattern of the entire array.
Cell Partitioning: the division of coverage in a sector into multiple subsectors. The subsectors may be divided in the vertical and/or horizontal plane.
Directivity: the ratio of the radiation intensity in a given direction from the antenna to the radiation intensity averaged over all directions.
NOTE:     If the direction is not specified, the direction of maximum radiation intensity is implied.
Downtilt Angle: the angle between the direction of the maximum antenna gain and the horizontal plane.
Front-to-Back Ratio: the ratio of maximum directivity of an antenna to its directivity in a specified rearward direction.
Gain: the ratio of the radiation intensity, in a given direction, to the radiation intensity that would be obtained if the power accepted by the antenna were radiated isotropically.
NOTE:     If the direction is not specified, the direction of maximum radiation intensity is implied.
Half Power Beamwidth: in a radiation pattern cut containing the direction of the maximum of a lobe, the angle between two directions in which the radiation intensity is one-half the maximum value.
Radiating Element: a basic building block of an array element characterized by its radiation properties.

Radiation Pattern: the angular distribution of the radiated electromagnetic field or power level in the far field region.
Radio Distribution Network: a passive network which distributes radio signals generated by the active transceiver unit array to the antenna array, and/or distributes the radio signals collected by the antenna array to the active transceiver unit array.
NOTE: 
In the case when the active transceiver units are physically integrated with the array elements of the antenna array, the radio distribution network is a one-to-one mapping. 

Transceiver Unit: the active unit consisting of transmitter and/or receiver which transmits and/or receives radio signals.
============================= End of TPs ========================================
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