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1.
Introduction
At previous RAN4 meetings it was decided to introduce two different points where performance requirements could be defined: transceiver boundary and far-field region. A performance requirement defined in the far-field captures performance of the complete AAS including the antenna. For the coming work in the WI it is vital to find and agree a proper transformation between these requirement points. This paper presents relations between far-field (including antenna) and ARP at transceiver boundary. 
This is a revised version of R4-130142. The definitions of EIRP and EIRS are collected in a text proposal for section 3. Basic relations between far-field and transceiver boundary is collected in Annex 1, 6.1 and 7.1 in TR37.840 [1]. It is proposed to include these text proposals. 

2.
Discussion
In this contribution the transceiver boundary is defined as the sum of all power level in/out from the transceiver array. The total output transmission power is noted 
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P

 and total receiver power level is noted 
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 (aka. Reference sensitivity level).

From TR37.840 section 3 the array antenna gain is defined as 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. The array gain does not include losses arising from impedance and polarization mismatches. The radiation pattern for an N element ULA is calculated as:
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where 
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 is the embedded element diagram capturing artefacts such as mutual coupling and ground-plane effects. Note that the array model in TR37.840 assumes elements with identical element factor for all elements.
The array antenna gain can be expressed as:
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where 
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 is a efficiency factor introduced to capture the total dissipative loss of the array antenna (including elements and radome).

The array antenna geometry for UL/DL is not necessarily equal giving:
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 for the TX array antenna with  
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 for the RX array antenna with  
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elements.
This contribution will focus on Equivalent Isotropic Radiated Power (EIRP) and Equivalent Isotropic Received Sensitivity (EIRS) as basic performance parameters defined in the far-field. 
Let’s start with EIRP. According to IEEE Standard Definitions of Terms for Antennas [2] EIRP is defined in a given direction, as the gain of a transmitting antenna multiplied by the net power accepted by the antenna from the connected transmitter as:
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where, 
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 is the total output power summed over all TX ARP connectors, 
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 is the DL array antenna gain as function of 
[image: image14.wmf]q

,
[image: image15.wmf]j

 and 
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 is a matching efficiency factor.
Following the same principle the EIRS is defined in a given direction, as the total received power by a receiving antenna divided by the gain of the antenna as: 
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where, 
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 is the total received power at the detector, 
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 is the UL array antenna gain as function of 
[image: image20.wmf]q

,
[image: image21.wmf]j

 and 
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 is a matching efficiency factor.
In figure 2-1 the definition of EIRP and EIRS is visualized with a simple link budget.
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Figure 2-1. Link budget
If EIRP or EIRS is noted without angular information it’s normal to assume maximum gain in the main beam direction giving 
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The array antenna gain for DL,
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, and the array antenna gain for UL,
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, are dependent of several parameters related directly to array antenna characteristics. There are two identified ways of translating performance characteristics between ARP and far-field with out simplifications introducing uncertainties:

1. Measure the array antenna gain 
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 for required angles.
2. Measure the embedded element pattern 
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 for each element for required angles.

The translation above gives a complete translation between ARP and far-field, limited only by measurement accuracy of conducted and far-field variables.

Several simplifications exists, one example is based on 2, where the maximum EIRP and minimum EIRS can be derived as follows. 
Assuming that all array antenna losses (including dissipative loss, distribution and matching loss) is negligible, all elements are independent and with all array weights set to 1. 
Then the maximum EIRP and minimum EIRS (in the main-beam direction) can be expressed as:
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,where 
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 is the total power level applied to the array antenna and 
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 is the element maximum gain.
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,where 
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 is the total received power level at the detector and 
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 is the element maximum gain.
Then it is only a matter of number of elements and element gain, but it must be noted that this approach will not capture mutual coupling, ground plane effects and losses since all elements are assumed to be equal with maximum gain 
[image: image37.wmf]E
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This simplified transformation will introduce an error. Further analysis in the WI is needed to investigate the impact of this error. 
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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 (How to handle these losses in the scope of AAS is FFS).

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.
Equivalent Isotropic Radiated Power: in a given direction, the gain of a transmitting antenna. multiplied by the net power accepted by the antenna from the connected transmitter.

Equivalent Isotropic Received Sensitivity: in a given direction, in a given direction, the minimum mean power received by a receiving antenna divided by the gain of the antenna, at which a throughput requirement shall be met for a specified reference measurement channel.t
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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C.5.3
Array Gain
The gain, 
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 of an array antenna can be calculated by subtracting the losses from the directivity. In practice, gain is often a more interesting performance measure than directivity. 
The array antenna gain as function of 
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 and 
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 is the directivity minus dissipative losses according to:
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, where 
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 is the dissipative loss of the AAS excluding loss associated with impedance matching and polarization loss.

When referring to directivity and gain without specifying the direction explicitly, one usually refers to maximum directivity 
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 and maximum gain 
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C.5.4
Relation between transceiver boundary and far-field
This sub-section presents an example of relations between transceiver boundary and far-field for transmitter and receiver characteristics.
In the far-field EIRP is defined in a given direction, as the gain of a transmitting antenna multiplied by the net power accepted by the antenna from the connected transmitter as:
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where, 
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 is the total output power summed over all TX ARP
 connectors, 
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 is the DL array antenna gain as function of 
[image: image48.wmf]q

 and 
[image: image49.wmf]j

 and 
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 is a matching efficiency factor.

If EIRP is noted without angular information it’s normal to assume maximum gain in the main beam direction giving 
[image: image51.wmf]max
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In the far-field region the EIRS is defined in a given direction, as the total received power by a receiving antenna divided by the gain of the antenna as: 
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where, 
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 is the total received power at the detector, 
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 is the UL array antenna gain as function of 
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 and 
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 and 
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 is a matching efficiency factor.

If EIRS is noted without angular information it’s normal to assume maximum gain in the main beam direction giving 
[image: image58.wmf]min
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[The end of text proposal]
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