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1 Background
In RAN4#74bis in Rio de Janeiro, a WF on OTA sensitivity was agreed [1]. This WF is based on a corresponding WF agreed in RAN4#74 in Athens [2], however, four issues were added, detailing questions on terminology to be agreed and used:

· “Whether the coordinates system is defined in relation to the base station or whether a fixed mandatory coordinate system shall be used and the BS physical structure relation to it shall be declared.

· Nomenclature describing directions relative to the AAS BS physical structure.

· Whether a “range of angles” can have a “direction” and if the terminology shall support description and declaration of a direction of the range of angles of arrival for which the OTA sensitivity is declared, or not.

· Whether, if the description of the direction of the declared range of angles of arrival shall be supported by the terminology, descriptions of shifting direction the range of angles of arrival shall be supported (by e.g. adopting the concept of steering for range of angles of arrival declarations), or not.”

 This contribution is related to two lower of the added bullets.
2 Introduction

The issue of whether a range of angles of arrival can be said to have a general direction and on whether such a general direction can have any use in describing or defining requirements on AAS BS was discussed off line in Rio de Janeiro.
The arguments against attributing an RoAoA a certain direction was that it would complicate the understanding of OTA sensitivity and that the requirements risks getting too complicated if such concepts are introduced.

Arguments for attributing an RoAoA a certain direction a certain direction was that the concept may simplify the description and distinction between different OTA sensitivity RoAoA and that concepts used for EIRP descriptions (like steering) could then be reused for describing OTA sensitivity requirements.
In this contribution, the concept of a general direction attributed to a range of angles (RoA) is investigated.

3 Range of angles
A Range of angles is not per se related to any physical property. It may relate to e.g. a range of angles for which a certain condition is fulfilled, such as what is suggested for OTA sensitivity. However it is not exclusive to OTA sensitivity and it needs a qualifier describing what the range relates to. This applies also to the concept of a range of angles of arrival (RoAoA).

A suitable comparison is the range of angles of departure (RoAoD), which would be the range of angles in relation to the AAS BS in which carrier (or other) photons are emitted. Out of all possible ranges of angles where photons are transmitted, only a few would coincide with lobes and even fewer would coincide with the main lobe (the beam) in some respect.

The qualifier related to a range of angles determines the significance of the range. Such qualifiers may be OTA sensitivity declared to be fulfilled in a RoAoA, or blocking resilience outside (or inside) a RoAoA. It may be unwanted emission in a RoA.
Whilst this document is intended to be general, its primary focus is on application related to OTA sensitivity RoAoA.
4 Direction definition
A Range of Angles  can be described as a contour in a directions diagram [3]. The range can, in principle, be of any arbitrary shape, but it is probably a reasonable assumption introducing acceptable restrictions that the RoAoA for OTA sensitivity shall be a simply contiguous area.  
In figure 1, five RoA of different contour shapes are depicted in a directions diagram. They are partly overlapping and thus some AoA are shared between two RoA. The smaller elliptic RoA is completely overlapped by the larger elliptic RoA. If the assumption is that a RoA cannot be attributed with a general direction, then none of the RoA in figure 1 can be said to be pointing in the same direction. 
However, the average direction of the RoA can be taken as the general direction of the RoA, This direction will coincide with the geometric centre of the contour area in the directions diagram. These are depicted in figure 2, where it can be seen that indeed, it is possible to claim that the two elliptic RoA are pointing in the same direction in the sense that their centres coincide. (Or opposite if one depicts transmission and one reception.)
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Figure 1, Five partly overlapping ranges of angles depicted in a directions diagram. Each range is defined by its shadowed area and its delimiter contour is a dashed line around it.
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Figure 2. Five partly overlapping ranges of angles depicted in a directions diagram. Each range is defined by its shadowed area and its delimiter contour is a dashed line around it. The RoA centres are pointed out by red crosses.
The use of RoA centres to define a general direction makes it possible to compare directions between two RoA in a simple way, even if the RoA delimiter contours are of different shape.
Definition: The RoA centre is the pointing direction attributed to a RoA. It is defined by the geometric centre of the RoA delimiter contour shape in a directions diagram.
5 Extreme directions in a RoA
The RoA centre can be used as a reference direction to define other directions in a RoA of arbitrary shape. This can be useful for defining directions for conformance testing e.g. Figures 3 and 4 depicts some examples of extreme points identified through reference to the RoA centre.
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Figure 3, Four RoA with 4 extreme directions as defined by the distance to the RoA centre for each RoA marked as blue crosses.
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Figure 4, Four RoA with 4 extreme exclusive azimuth and exclusive elevation directions as defined by the distance to the RoA centre for each RoA marked as blue crosses.
6  RoA steering
A concept used in the transmit case already though is the concept of (beam) steering. For steering to be a meaningful concept, the RoA should be related to some property to be maintained inside (or outside) the RoA, such that the delimiter defines a border in some sense. What is steered is thus actually the property defined by (or through) the RoA. 
Figure 3 shows a directions diagram of six separate RoA, with the same shape, size and orientation) of its delimiter contour. Whilst this may be described as six separate RoA with no relation, it also lends itself to the concept of steering (which is used in the transmit case already). Steering is a useful description since it implies that the RoA is essentially the same but with its centre direction steered off a zero steering direction. 
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Figure 4, six RoAoA contours of the same size, shape and orientation, but with different RoAoA centres.
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Figure 4, RoAoA “steered” along a line that is neither parallel to the elevation axis nor to the azimuth axis.
Assuming the contours are related to OTA sensitivity RoAoA, as for the transmitter case, the conformance is not tested in all steering directions – only in zero steering direction and in the extreme steering directions. It is assumed these are the extreme azimuth and elevation steering directions in general, but as pointed out by Ericsson, the manufacturer may opt to support steering along a line contour such that elevation and azimuth steering may not be separately applicable. Hence the OTA sensitivity may require a similar arrangement for these special cases as the corresponding EIRP accuracy case. This situation is depicted in figure 4. However, if the number of RoAoA is comparatively small, the option of declaring each RoAoA as a separate item rather than variations of an RoAoA modified by steering may be applied. (The same option would in fact apply to the transmit cases also, where each steering step could be declared as a separate non steerable beam.)

Definition of OTA sensitivity steering according to the above: Steering is setting the OTA sensitivity RoAoA centre different from its zero steering direction while essentially maintaining the OTA sensitivity RoAoA delimiter contour shape, size and orientation. 
It is expected that the sensitivity variation shall not be too large or abrupt with the steering. (This is similar to the case of beam steering, where the beam is assumed to remain intact in some sense during steering.) Considering that the OTA sensitivity is a one sided requirement, it could seem reasonable that the declared EIS is kept constant during steering to reduce the complexity of the definition.
Using this definition, the OTA sensitivity ranges of angles of arrival depicted in figure 5 can be described as the zero steering in figure 6 and the steering range in figure 7.
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Figure 5, multiple OTA sensitivity RoAoA with similar delimit contour shape, size and orientiation, but different RoAoA centres.
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Figure 6, OTA sensitivity RoAoA at zero steering.
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Figure 7, Steering range for the OTA sensitivity in figure 6. The zero steering and the extreme azimuth and elevation steering are marked by red crosses. The steering range is shadowed, and its delimiter is marked by the dotted line.
7 Description v/s reality
· It has been argued that the sensitivity inside the declared OTA sensitivity RoAoA may be achieved by adaptive coherent combining, and hence that steering is an inappropriate description in terms of RoAoA. Whilst this contribution by no means contradicts that adaptive combining may occur, it argues it cannot be said that adaptive will occur, since there are implementations where it doesn’t. 
· Also for the case where adaptive combining does occur, the concept of steering is phenomenological rather than implementation related, and it can thus still be used (and be useful) for describing situations such as the one described above in figures 5, 6 and 7.
· It can be noted that adaptive combing can be used to discriminate reception in certain directions or ranges of angle of arrival, and thus steering of the RoAoA can be a very relevant description. 
· Whilst it is agreed that the UL and DL coverage are not by necessity the same, and that the currently discussed requirements do not imply any such discrimination, it cannot be precluded that operators may want to illuminate coverage areas approximately equal for the broadcast channels and the access channels in DL and UL respectively. It is a reasonable assumption that adjusting the UL coverage area may be as relevant as adjusting the DL coverage area. Hence it is concluded that RoAoA steering may have practical value in field operation.
· This contribution argues that the 3GPP requirements shall to the greatest extent possible be device implementation agnostic.

· Therefore shall adaptive combining not be required to fulfil the requirements defined for AAS BS.

8 Conclusion
· It is possible to attribute a general direction to a RoA, by assigning it the average direction of the RoAoA. 

· This is the RoA centre direction

· The RoA centre can be used to define extreme directions for requirement conformance testing on arbitrarily shaped RoA.

·  The concept of steering can be applied to RoA.
· Steering of OTA sensitivity can have significant practical value.

· Adaptive combining inside the OTA sensitivity RoAoA does not preclude steering.

· OTA requirements shall (as other requirements) to the greatest possible extent be implementation agnostic.
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10 Terminology
The terminology used in this contribution is taken from TR37.842. 

Additional explanations of terms can be found below:

RoAoA
Range of Angles of Arrival
OTA sensitivity RoAoA

RoAoA in which OTA sensitivity is declared.

Directions diagram

A Cartesian two dimensional diagram where azimuth spanning a full revolution is on the x-axis and the elevation spanning half a revolution is on the y-axis.
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