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1 Background
In RAN4#74bis in Rio de Janeiro, a way forward on the EIRP accuracy requirement was agreed [1]. The meeting was agreeing on the steering for each beam to be subject to conformance testing, and that the manufacturer shall declare the direction for which the EIRP requirement is met, but due to disagreement on how to specify directions, no text could be agreed.
This contribution uses the methods proposed in [2] and [3] to make a text proposal based on [1] for [5].

2 Introduction

During off line discussions in RAN4#74bis on the issue of whether the referring to directions using the terminology of azimuth and elevation, could be understood to support the view that the direction reference would follow the device and/or the local coordinate system, it was concluded that this was the case, but that it was also understood that the azimuth plane would coincide with the horizontal plane in a reference mounting position that is part of the normal envelope of operation. This is further captured in [2], but the discussion points towards that azimuth and elevation can be accepted as the general way to refer to directions relative to the AAS BS. Hence this direction reference is used in this text proposal. It should be pointed out that the zero steering directions are independent to the azimuth null direction with the proposed system. This allows for multiple beams in the same system.
It was pointed out, by Ericsson, that the vendor may want to steer the beam along a trace which does not coincide with the azimuth or elevation direction. This situation is further discussed in the next sub-clause of this document, and results in an added sentence in the text proposal.
3 Steering along a trace
What seemed to be the triggering in questioning the terminology of azimuth and elevation, tilting and panning, was the issue brought up by Ericsson that the vendor may support steering along a trace that does not coincide with the azimuth or elevation direction. 
In such case, panning and tilting as separate actions would not represent any steering capability of the AAS BS, and thus the extreme steering cases pointed out in [1] would not apply. The Ericsson suggested scenario was a linear curve, but the problem applies to any line function. The trace in figure 1 represents an arbitrary shape.

In the discussion it was suggested that changing the azimuth direction to adapt to the steering trace would solve the problem. However, as detailed in [2], this does not generally solve the problem. Instead, an alternative declaration requirement can be phrased such that the extreme steering directions can be declared in place of the pure azimuth and elevation extremes:

“If the AAS BS supports steering, but not separate elevation or tilting, two directions representing the maximum deviation from the zero steering direction shall be declared.”

This sentence is included in the test proposal below.

[image: image1]
Figure 1, directions diagram depicting steering along a trace. The two extreme steering directions (blue /purple cross and green/orange cross respectively) are identified for declaration by the proposed text.
4 The direction of beams
In [3], it is pointed out that “beam pointing direction” (in the sense of the electrical bore sight) may be ambiguous under certain (relevant) circumstances. Beam pointing direction is used to define the direction pointed out by steering and the direction where the EIRP accuracy requirement applies. Whilst the beam pointing direction is not defined in TR37.842, it has been pointed out that it would be unfortunate if the term was assigned a meaning which is different from other antenna language practice. Therefore, a new term, the “beam centre direction” is introduced and proposed to take the place of “beam pointing direction”. The beam centre direction is (or can be made) unambiguous for all beams deemed relevant for AAS BS. In this TP it is proposed to replace “beam pointing direction” with “beam centre direction”.
5 Observations
· The agreement from RAN4#74bis, captured in [1] is captured in the TP.

· Traditional terminology for the industry can be used. This has already been used in many cases in the WI, and vetting is now avoided.

· Alternative mounting where the reference directions relative the AAS BS are maintained.

· Steering along arbitrary trace is supported in the sense that the requirements can apply to all cases.

· Definition of coordinate system is outside the scope of this TP
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7 Terminology
The terminology used in this contribution is taken from TR37.842 and [4].
8 Text proposal

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.
Azimuth:
a direction qualifier in the azimuth plane.

Azimuth plane: The azimuth plane coincides with the horizontal plane for a reference mounting position of the AAS BS. The azimuth direction is defined by the angle relative to a null direction in the azimuth plane. Positive angles are to the right as seen from the DUT.
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.
Beam centre direction:
the beam centre is the geometric centre of the beam’s half power direction delimiter contour as described in a directions diagram. The beam centre direction is from the antenna along the beam centre.  
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 azimuth on the x axis and elevation 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.
Elevation:
direction qualifier defined by the angle between the direction and its projection in the azimuth 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.
Half-power directions: Directions where the directivity has dropped to 3dB below its value at the bore sight.

Panning: Beam steering in the AAS azimuth direction. Right in relation to the zero steering direction as seen from the AAS BS is defined as positive.

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. 

Tilting: Beam steering in the AAS elevation direction. Downwards in relation to the azimuth plane is defined as positive.
Side lobe: Side lobe is the radiation lobe in any direction other than that of the main lobe.
Steering:
Setting the beam centre direction of a fixed beam different from its zero steering direction
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
Zero steering direction: A direction declared by the manufacturer to be the direction where no steering is applied.
==================================== Next changed section ==============================

7.1.1
Beam definitions

<Texts to be added>

A beam is the radiated signal for which the radiated power level varies according to azimuth and elevation angles of observation. Within a beam, the power level is greatest at azimuth/elevation angles at which the signal carried in the beam is intended to be received and is lower at other azimuth/elevation angles. 

An AAS beam is typically characterized by a so-called “main lobe” which is bounded within a range of angles around the centre of the beam at which the radiated output beam power is highest. An AAS beam is created by means of a superposition of the signals radiated from different parts of the AAS antenna array. An AAS beam is characterized by the beam centre direction and beam-width, together with other parameters such as side lobe levels.
=========================== Next changed section =============================
7.1.3
The requirements

<Texts to be added that can be transformed as texts in specification>

The radiated transmit power of the AAS base station is distributed in the space by means of radiating and allocation of conducted power to single or multiple beams. The beam configuration and corresponding power allocated to each beam is application dependent.
The radiated transmit power per beam of the AAS base station is the mean power level for a manufacturer-declared AAS beam generated during the transmitter ON period. The minimum requirement for radiated transmit power shall be specified for one or more manufacturer-declared AAS beam(s). The AAS beam definition is described in section 7.1.1.
The number of AAS declared beams is for the manufacturer to declare. 
NOTE: The number of beam(s) is application dependent and is subject to manufacture declaration. 

NOTE: The declaration of multiple EIRP levels at multiple declared steering angles and steering angles values is application dependent and is subject to manufacturer declaration.

The EIRP and its accuracy are defined for the declared beams when activated individually on all corresponding Radiated Elements and the requirements are placed per individual beam.
The radiated transmit power requirement shall be specified by the accuracy with which a declared EIRP level is met.
The EIRP accuracy may degrade as beam steering is applied. 
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Figure 7.1.3-x1, Directions diagram showing steering range with zero steering direction, (red cross) extreme panning while no tilting directions (green and purple crosses) and extreme tilting while no panning directions (orange and blue crosses) depicted. An area (arbitrarily shaped) where the requirement is declared to be fulfilled is also indicated by the dotted contour and gray shading.
For each AAS beam, the vendor shall declare:

The zero steering direction, the extreme tilting zero panning directions and the extreme panning zero tilting directions. Declarations for extreme panning are only required if the AAS BS supports panning. Declarations for extreme tilting are only required if the AAS BS supports tilting. 

If the AAS BS supports steering, but not separate elevation or tilting, two directions representing the maximum deviation from the zero steering direction shall be declared
Each declared beam steering direction is independent and has its own EIRP value and beam width associated with it.
In addition, the vendor shall declare all the tilting and panning combinations where the EIRP accuracy requirement is intended to be met. The declaration can be in any form the vendor sees fit. Some examples of areas, traces and discrete points are depicted in figures 7.1.3-x1 and 7.1.3-x2.
The maximum radiated transmit power of the AAS beam is the mean power level measured at declared beam centre direction at the RF channels B (bottom), M (middle) and T (top) when configured for maximum EIRP value for a specific AAS beam of the supported frequency channels declared by the manufacturer.

In normal condition, the AAS base station maximum EIRP for each declared [cell-specific or UE specific] AAS beam shall remain within +[Xhigh] dB and –[Xlow] dB of the radiated output beam power declared by the manufacturer. This also applies for all the vendor declared tilting and panning combinations where the EIRP requirement is intended to be met, once the EIRP value is given.

[image: image3]
Figure 7.1.3-x2, Examples of directions diagrams showing steering for beams with zero steering directions, extreme azimuth steering directions and extreme elevation steering directions depicted. Declared tilting and panning combinations where EIRP accuracy requirement is intended to be met are depicted as blue areas (range of angles), blue dots (discrete directions) and blue traces (range of angles).In the upper right diagram, the declared tilting and panning combinations where the EIRP accuracy requirement is intended to be met are only the zero steering direction and the extreme panning respective tilting directions.
======================= End of changes =================================
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