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1 Introduction

In theRAN4#75AH AAS meeting in Venice, a way forward on OTA sensitivity [1] was endorsed. Part of the WF was to investigate the viability of using the concepts and terminology for the whole envisaged range of AAS BS implementations. Such evaluation has been done in [2] on a high level. This document presents a text proposal for TR37.942, based on [3] regarding OTA sensitivity and related definitions and acronyms, in line with [1] and based on the findings in [2]. An accompanying contribution [4] collects the declarations related to OTA sensitivity.
2 Observations
· Directions diagram is defined
· OSDR redirectino range is defined

· Sensitivty RoAoA is defined

· OSDR is defined

· RoAoA is defined

· Core requirement is defined
· Conformance testing directions are defined

· The requirements apply under the assumption of polarization matching

3 Conclusion
· A complete definition of the core requirement for OTA sensitivity is proposed
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5 Text proposal
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. 
AAS beam: An AAS beam is a beam created by means of a superposition of the signals radiated from different parts of the AAS antenna array.
 NOTE:
For certain AAS BS, there may be more than one main beam.
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 radiating 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.
Angle of Arrival (AoA): is the direction of propagation of electromagnetic wave incident on an AAS array antenna.
Beam: A beam (of the antenna) is the main lobe of the radiation pattern of an antenna array.

NOTE: For certain AAS antenna array, there may be more than one beam.
Boresight: Boresight (of a beam) is the direction of maximum radiation in a beam.
Cell Specific AAS Beam: Cell specific AAS beam is an AAS beam which is intended to facilitate communication for multiple UEs within a cell. 

Cell Partitioning: the division of coverage in a sector into multiple subsectors. The subsectors may be divided into the vertical and/or horizontal plane.
Directions diagram: A two dimensional Cartesian diagram showing φ on the x axis and θ on the y-axis.
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.
Equivalent Isotropic Radiated Power (EIRP): In a given direction, the relative gain of a transmitting antenna with respect to the gain of an isotropic radiating element multiplied by the net power accepted by the antenna from the connected transmitter.


NOTE:
For an AAS BS the EIRP can be seen as the equivalent power radiated from an isotropic radiating element, producing the same field intensity as the field intensity radiated in the declared beam pointing direction of the active antenna system being considered.
Equivalent Isotropic Sensitivity (EIS): power level relative to an isotropic antenna that is required to be incident on the AAS array from a specified azimuth/elevation direction in order to meet a specified receiver sensitivity requirement.


NOTE:
EIS is directly related to field-strength via free-space impedance and effective aperture antenna area. EIS is expressed as the receiver power that would be collected by an isotropic antenna if it were subject to a uniform field around the whole sphere as the AAS array experiences in the specified azimuth/elevation direction.  
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.
Main lobe: Main lobe is the radiation lobe in the direction of the maximum radiation power. 
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.
OSDR redirection range: a RoAoA comprising the directions of all achievable sensitivity RoAoA for the full envelope of BS settings affecting an OSDR.
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. 

Sensitivity RoAoA: a RoAoA within which the declared EIS of an OSDR is intended to be achieved at any instant for a particular AAS BS setting.
Side lobe: Side lobe is the radiation lobe in any direction other than that of the main lobe.
Transceiver Unit: the active unit consisting of transmitter and/or receiver which transmits and/or receives radio signals, and which may include passive RF filters
3.2
Symbols

For the purposes of the present document, the following symbols apply:

<Symbol format (EW)>
<symbol>
<Explanation>
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The array antenna pattern in dB.
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The composite array element pattern in dB.
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The array factor.
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The azimuth angle (defined between -180° and 180°).
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Elevation angle of the signal direction (defined between 0° and 180°, 90° represents perpendicular to array).
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The signal correlation coefficient.
3.3
Abbreviations

For the purposes of the present document, the abbreviations given in TR 21.905 [1] and the following apply. 
An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in TR 21.905 [1].

AA
Antenna Array
AAS
Active Antenna System

AE
Array Element
AoA
Angle of Arrival 
AUT
Antenna Under Test
EIRP
Equivalent Isotropical Radiated Power

EIS
Equivalent Isotropical Sensitivity
EMC
Electromagnetic compatibility
ISD
Inter-Site Distance

MCL
Minimum Coupling Loss
OSDR
OTA Sensitivity Direction Range
OTA
Over-the-Air

RDN
Radio Distribution Network
RoAoA
Range of Angles of Arrival
RXU
Receiver Unit
TXRU
Transceiver Unit
TXRUA
Transceiver Unit Array
TXU
Transmitter Unit
ULA
Uniform Linear Array

URA
Uniform Rectangular Array

==============================Next changed section======================================
7.2
Uplink OTA requirements

7.2.1
OTA sensitivity
The OTA sensitivity requirement applies to the AAS base station operating as a system; i.e. including combining of received signals from all active receivers

7.2.1.1
Requirement definition

The OTA sensitivity requirement is based upon the declaration of one or more OTA sensitivity direction ranges (OSDR), each comprising a declared sensitivity range of angles of arrival (RoAoA) and a related declared EIS minimum level, the OTA sensitivity. An OSDR may also optionally include a declared redirection range, describing how the sensitivity RoAoA can be redirected through alternative settings in the BS. The sensitivity RoAoA direction settings are mutually exclusive, such that the declared sensitivity at any one instant applies only to the set sensitivity RoAoA inside the redirection range.
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Figure 7.2.1.1-x: Directions diagram showing a redirection range (green contour) of an OSDR and five (out of many) possible directions of the sensitivity RoAoA (gray shaded areas).The sensitivity RoAoA is deliberately made small for illustration purpose.
For each OSDR, the sensitivity RoAoA shall be possible to describe as a contiguous area in a directions diagram. The redirection range may be a non-contiguous area resulting from discrete redirection setting options.
More than one OSDR may be declared; each associated with its own sensitivity RoAoA, EIS and, optionally, redirection range. A sensitivity RoAoA related to one OSDR may be non-overlapping, or may partially overlap, or be subsets of the sensitivity RoAoA related to another OSDR.

Applicable to each OSDR, for a received signal whose angle of arrival is within the set sensitivity RoAoA, the throughput or error rate criteria (as described below) shall be met when the level of the arriving signal is equal to the declared minimum EIS. The angle of arrival can be described as a combination of φ and θ.
The OTA sensitivity is a received signal level above which a specified throughput (E-UTRA) or BER (UTRA) shall be met. 

For E-UTRA, the requirement is to meet or exceed the throughput when the AAS BS is presented with a specified stimulus signal transmitted through a specified channel at the OTA sensitivity level.
For UTRA, the requirement is to meet or achieve a lower BER when the AAS BS is presented with a specified stimulus signal transmitted through a specified channel at the OTA sensitivity level.
The received signal level can be represented as a field-strength or EIS power level. The relation between field-strength and EIS is:
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,where E is the field strength in units of dBV/m and f is carrier frequency in MHz of a plane wave incident to the AAS BS from within the set sensitivity RoAoA.
The stimulus signal is the fixed reference measurement channel (FRC) for target throughputs or BER as specified in non-AAS requirements in TS25.141 for UTRA FDD, TS25.142 for UTRA TDD and TS36.141 for E-UTRA.  FRC for non-fading conditions/no multipath will be used.
The OTA sensitivity requirement applies per polarization, under the assumption of polarization matching. The manufacturer shall declare whether dual polarization or single polarization reception is supported for the OSDR by the AAS BS.
7.2.1.x
Conformance testing directions
If sensitivity RoAoA redirection is not applicable for an OSDR, conformance testing shall be performed at the extreme φ respective at the extreme θ directions of the sensitivity RoAoA as depicted in the example in figure 7.2.1.x-x1. The manufacturer shall declare the four directions for conformance testing.
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Figure 7.2.1.x-x1: Direction diagram showing a RoAoA without receiver aim redirection capability. The extreme directions subject to conformance testing are marked by red crosses.

If sensitivity RoAoA redirection is applicable for an OSDR, conformance testing shall be performed at the extreme φ respective at the extreme θ directions of the OSDR redirection range as depicted in the example in figure 7.2.1.x-x2. The manufacturer shall declare the four directions for conformance testing, the setting of the AAS BS to achieve conformance at each of the conformance test directions, and the resulting sensitivity RoAoA for each of these settings.
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Figure 7.2.1.x-x2, direction diagram showing a redirection range (with discrete settings for the sensitivity RoAoA). The extreme directions subject to conformance testing are marked by red crosses. The sensitivity RoAoA for each conformance test setting are shown as gray shading. Note that the RoAoA is exceptionally small compared to the receiver aim redirection range, for demonstration purposes.
=============================== End of text proposal ==================================
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