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1. Discussion and Proposal
At the previous RAN4 meeting (RAN4#64bis in Santa Rosa) two contributions [1, 2] related to directivity characteristics of an array antenna was presented. At the time there was no consensus about inclusion of presented text proposal since antenna directivity was not defined in section 3 of the TR. This contribution holds a text proposal for 37.840 with definitions of antenna directivity and antenna gain vital for understanding array antenna characteristics.
When an array antenna is modelled according to 3GPP definitions [4] it is important that antenna parameters, such as half power beam width, element gain and array antenna gain are set correctly. If not the array antenna gain will be affected and consequently the results from simulations will not reflect the desired scenario. To minimize misunderstanding in the ongoing AAS discussion it is proposed to define directivity as described in IEEE Standard Definitions of Terms for antennas [3] and include the directivity definition in the TR.
The directivity of an antenna is the ability to direct energy in a certain direction in space. The directivity is a ratio of the radiation intensity in a given direction from the antenna to the radiation intensity averaged over all directions. If the direction is not specified, the direction of maximum radiation is implied. The directivity is described mathematically as:
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 is the radiation intensity.
The antenna gain is associated with the directivity through the following expression:
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 is the dissipative loss of the AAS excluding loss associated with impedance matching and polarization loss.
The gain does not include losses arising from impedance and polarization mismatches. The radiation intensity corresponding to the isotropically radiated power is equal to the power accepted by the antenna divided by 4. If an antenna is without dissipative loss, then in any given direction, its gain is equal to its directivity. If the direction is not specified, the direction of maximum radiation intensity is implied. 
It is proposed that the attached text proposal is included in section 3 of TR 37.840. 
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3
Definitions, symbols and abbreviations

3.1
Definitions

For the purposes of the present document, the terms and definitions given in TR 21.905 [1] 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 [1].

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. 
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.
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. 
Antenna Array: 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. 
Directivity (of an antenna) (in a given direction): the ratio of the radiation intensity in a given direction from the antenna to the radiation intensity averaged over all directions.

NOTES:

1. The average radiation intensity is equal to the total power radiated by the antenna divided by 4.

2. If the direction is not specified, the direction of maximum radiation intensity is implied.

3. For an array antenna the directivity is defined given an excitation (amplitude and phase) applied to the array elements.
Gain (in a given direction): 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:

1. Gain does not include losses arising from impedance and polarization mismatches.

2. The radiation intensity corresponding to the isotropically radiated power is equal to the power accepted by the antenna divided by 4.

3. If an antenna is without dissipative loss, then in any given direction, its gain is equal to its directivity.

4. If the direction is not specified, the direction of maximum radiation intensity is implied. 
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. 
Radiating Element: the basic building block of an array element characterized by its radiation properties.
Radiation Pattern: the angular distribution of the radiated electromagnetic field in the far field region.
Transceiver Unit: the active unit consisting of transmitter and/or receiver which transmits and/or receives radio signals. 
Cell Partitioning: one sector in standard deployments is divided into multi sub sectors in vertical and/or horizontal plane.
 [The end of text proposal]
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