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1 Introduction

In theRAN4#75AH AAS meeting in Venice, a way forward on OTA sensitivity [1] was endorsed. This is based on an extensive discussion during the Venice meeting, but requires commenting and interpretation, which is provided in this document. The WF also outlines a few questions to be responded. These are also assessed in this document. The content of the WF is quoted in the second clause of this document - for convenience. (The references in clause 2 refers to the references in [1] and not to the reference clause in this document.)
2 WF (from [1])
For minimum declarations:

1. The manufacturer shall declare an EIS value and a contiguous area (i.e. range of directions) that is intended as the “cell wide coverage” for which the OTA sensitivity requirement (The throughput shall be ≥ 95% of the maximum throughput of the reference measurement channel as specified in x.104) is met. 

2. Optionally, the manufacturer can also declare additional areas where EIS is equal to or better than the declared value in (1) above. Only one of these areas, or the area in bullet 1 can be “active” wholly at any time. OTA sensitivity requirement shall be met anywhere within the “active” area, but does not need to be able to meet for signals arriving from an “inactive” area. Such additional areas are allowed to overlap. 

3. It is not excluded that the manufacturer declares additional OTA sensitivity values and corresponding areas.

The concepts described in bullets 1 and 2 above correspond to one “cell wide” OSDR, as defined in detail below,  that is mandatory to declare. Bullet 2 corresponds to the declaration of additional sensitivity RoAoAs for the same OSDR of bullet 1, as defined below. Bullet 3 corresponds to additional OSDRs that are optional to declare.

For the purpose of minimum and optional declaration, the following concept is agreed.

· “OTA Sensitivity Direction Ranges” (OSDR) can be used for the purpose of OTA sensitivity declaration where an OSDR consists of:

·  A declared EIS value, above which the OTA sensitivity throughput or BER requirement is met in the sensitivity RoAoA

· Redirection Range [shown as blue area in [3], [5], [6] and [7]]

· Sensitivity RoAoA(s) [orange area in [3], [5], [6] and [7]]
Names may change, and if for some reasons that these do not work then we will have to re-consider again.

· The size and shape of a redirection range (on a directions diagram) is optional for the manufacturer to declare. Each range may be a continuous area or non-continuous areas 
The following Way Forward is agreed:

· Further check AAS systems implementations and applications and see if there are any that are not covered and considered by these concepts.

· FFS how to declare the sensitivity RoAoA

· Declare the largest sensitivity RoAoA that may be positioned anywhere within the receiver redirection range

· Declare the size and shape of the sensitivity RoAoA at several significant positions within the receiver redirection range
· Others are not excluded.
3 Declarations for conformance testing
The discussion on OTA sensitivity has been complicated by the wide range of implementations that may be referred to as AAS BS. The simplest (conceptually) AAS BS in an ordinary BS with an integrated antenna, or integrated into an antenna.  The more complex implementation consists of many transmitters arranged into an array, feeding antenna elements in a non-descript way (via the RDN), which are arranged in a non-descript way (the antenna array, which may be one dimensional, two dimensional or three dimensional in any orientation). In [2] and [3] it is concluded that it is difficult to predict any common spatial properties with regard to OTA sensitivity, other than what is specifically declared by the manufacturer.

Whilst a large set of possible implementations are unlikely to appear in the field, it is important to recognise that the current knowledge may not suffice to identify all useful implementations. Therefore, care should be taken as to design the terminology to allow description of the largest possible set of properties in an unambiguous manner. The possible AAS BS implementations shall not be restricted by the terminology used to describe AAS BS. This must of course also be taken into account when defining the conformance test requirements in the spatial domain, including the declarations required by manufacturer.
From [1] it must be assumed that the declaration of an OSDR comprises at least an EIS level and a sensitivity RoAoA where the EIS applies. If the sensitivity RoAoA can be redirected, an OSDR redirection range would also be declared, which is a larger RoAoA containing all directions where the EIS may intentionally apply.  
In the Venice meeting there was an unwillingness to attribute a common (e.g. average) direction to a RoAoA in the group. Though convenient for some descriptions and declarations, such common directions are not needed for all types of descriptions. In [4] it is shown that this is true in the case no inner directions in the redirection range (in the sense of [1]) is referred to. It is however straight forward to describe single directions on a RoAoA contour, e.g. by referring to the most extreme values an angle can take in a plane. With the agreed coordinate system for AAS, the largest and smallest value of the angular coordinates φ and θ could be used can be used to four directions for an arbitrarily shaped and oriented RoAoA though for some shapes and orientation, two directions may coincide when such a rule is applied. 


Figure 1: Directions diagram showing construction of an inner direction in a RoAoA based on the extreme directions; (maxφ, θmaxφ), (minφ,θminφ), (φmaxθ, maxθ), (φminθ, minθ) in the RoAoA contour.

Constructing a general rule for identifying an inner direction of an RoAoA of arbitrary shape useful to conformance testing requirements is very difficult. For the sensitivity RoAoA is reasonable to require that the RoAoA is contiguous when described in a directions diagram, since the coverage requirement in a cell is likely to comprise a contiguous area. This is not the case of the redirection range, which may consist of a number of separate RoAoA representing the different directions of the sensitivity RoAoA related to the same OSDR. It is difficult to guarantee that any such constructed direction is part of the RoAoA. The only reasonable way to identify an inner direction is thus by requiring the manufacturer to declare one for the purpose of conformance testing.
A preferred set of conformance test directions is highly dependent on the intention of the testing. It must be assumed that the testing for conformance demonstration is as small sub-set of the information conveyed between manufacturers and their customers to facilitate field use. 

The objective of the OTA sensitivity conformance testing is to make it likely that the performance is met over the entire OTA sensitivity direction range is in all the redirection range. This can be achieved by testing the most extreme directions achievable in the declared RoAoA representing all AoA addressable in the OSDR, i.e. in the redirection range. It can be noted that using electronic steering, the array aperture is likely to be the greatest close to the centre, and gradually reduce for steering towards the edge as the angle of arrival deviates more from the maximum aperture direction. Even if maximum aperture direction is in one extreme direction, another extreme direction is likely to represent a great deviation from the maximum. For other means of steering, the difference is less, but the centre direction is not likely to exhibit substantially smaller aperture than all the RoAoA contour directions. Conformance testing in the redirection range contour directions are thus likely to give a pessimistic or representative sensitivity value for the tested AAS BS. For OSDR without redirection, similar argumentation applies for the extreme values on the sensitivity RoAoA contour.
It can thus be concluded that: 

· For an OSDR where redirection is not supported, it is possible to identify a simple rule for identifying four (or in some cases three) directions on the sensitivity RoAoA contour where at least one represents a more difficult direction for fulfilling the sensitivity criterion. The sensitivity RoAoA would here need to be declared.
· For an OSDR where redirection is supported, , it is possible to identify a simple rule for identifying four (or in some cases three) directions on the redirection range contour where at least one represents a more difficult direction for fulfilling the sensitivity criterion. The redirection range would here need to be declared.

It can here be noted that the directions identified on the redirection range contour would need different settings of the BS to be successfully tested, since, by the extreme rule, the identified directions cannot be assessed with one single sensitivity RoAoA setting. The necessary settings would here suitably be declared by the manufacturer. This makes it necessary to have an identifiable rule defining the test directions so that they can be predicted by the manufacturer.
For an OSDR where the sensitivity RoAoA is fixed, it is described by the declaration as described above, but when redirection is supported, it must be assumed that the shape and size of the sensitivity RoAoA may vary with redirection. Whilst this variation should not be great, it is difficult to describe limitations for it without introducing a multitude of parameters. A simpler and therefore better way would be to require declaration of the sensitivity RoAoA for all the settings needed to address the sensitivity conformance testing in the extreme directions (4 or in some cases 3). This would not impose any explicit limit on the sensitivity RoAoA variation with redirection, but instead indicate the type of change taking place.
4 OSDR declaration criteria and multiple OSDR
The entire discussion above is treating one OSDR. An AAS BS may support multiple OSDR and consequently multiple redirection ranges. Every OSDR representing a separate AAS BS capability should be subject to separate declarations and conformance testing. However, it should be recognised that the choice of EIS declaration for one AAS BS receive direction will generally affect the sensitivity RoAoA and the redirection range. Multiple OSDR describing the same physical property of an AAS BS may therefore be a type of information that vendors and users may want to exchange between each other. Mandating conformance testing of all OSDR defined by the manufacturer may be prohibitive for such information exchange due to the excessive conformance testing that might be required. It is therefore useful to limit the required declarations to on OSDR per “receiver direction” A s mentioned above, there has been an unwillingness to define single directions describing receiver properties, but some kind of terminology allowing for definition of which OSDR shall be declared is needed. This does not need to be related to directions, it may relate to capability in some other sense.
An issue brought up in the WF is the criterion for the declaration of an OSDR – in particular the size of the sensitivity RoAoA is mentioned.  It is clear that there will be a relation between the size (width), and potentially shape, of the sensitivity RoAoA and the EIS minimum limit. Different intended applications of the AAS BS will pose different requirements on the combination the two individually declared properties. Choosing such combinations is a suitable subject for commercial agreements rather than standardisation. It would therefore seem reasonable for RAN4 not to pose any particular requirements on the sensitivity RoAoA other than that is shall be declared. Yet, it must be possible to mandate only one OSDR declaration per capability in some sense.
5 Terminology
One observation that could be made in the AAS AH meeting in Venice is that discussions involving ranges of directions and coverage areas may be confusing unless a clear distinction between “areas” (in the geometric or geographic sense) and “ranges of directions” is made. The same applies for “directions” and “points”. It is important that TR text and TS text makes this distinction, and consequently, any reference to directions or ranges of directions should not be referred to as points or areas. This is particularly important for OTA requirements which have close correlation with the illumination of the geographic cell.
 Whilst it can be seen above that the terminology from the WF is essentially functional, it should be noted that the term “redirection range” is very general, and requires a context to be descriptive. A simple qualifier would remedy that situation, and at the same time allow reuse of the term for other purposes in the future standardisation efforts. “OSDR redirection range” is proposed here.
The definitions of the sensitivity RoAoA and the OSDR redirection range are a bit vague in [1]. A clearer and more compact definition could be:

Sensitivity RoAoA: a RoAoA within which the declared EIS of an OSDR is achieved at any instant for a particular AAS BS setting.

OSDR redirection range: a RoAoA comprising the directions of all achievable sensitivity RoAoA for the full envelope of BS settings affecting an OSDR.
Declarations of ranges of directions shall be made using the agreed coordinate system – preferably the φ and θ coordinates. The format (e.g. mathematical function expression or directions diagram) of the declaration should be up to the vendor to choose. To facilitate the conformance test, the extreme directions subject to testing can be explicitly declared.
6 Conclusion
· It must be assumed that the testing for conformance demonstration and related declarations is as small sub-set of the information conveyed between manufacturers and their customers to facilitate field use.

· It is possible to describe meaningful requirements on OTA sensitivity for AAS BS using the terminology and concepts described in the WF [1].
· The term “redirection range” needs a qualifier to avoid future ambiguity. “OSDR redirection range” is proposed.

· Definitions of the RoAoA terms are proposed: 

· 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.

· OSDR redirection range: a RoAoA comprising the directions of all achievable sensitivity RoAoA for the full envelope of BS settings affecting an OSDR.
· For an OSDR where redirection is not supported, the maximum and minimum θ and φ directions identifies four (or in some cases three) directions on the sensitivity RoAoA contour where at least one represents a more difficult direction for fulfilling the sensitivity criterion. The sensitivity RoAoA would here need to be declared

· For an OSDR where redirection is supported, the maximum and minimum θ and φ directions identifies four (or in some cases three) directions on the redirection range contour where at least one represents a more difficult direction for fulfilling the sensitivity criterion. The redirection range would here need to be declared.
· For an OSDR where redirection is supported,  the AAS BS settings required to address each extreme direction with the sensitivity RoAoA must be declared. For each setting, also the sensitivity RoAoA itself should be declared, demonstrating its variation over the OSDR redirection range.

· In all cases the EIS minimum level needs to be declared for each OSDR.
· RoAoA shall be declared by using the agreed coordinate system. The format of the declaration is up to the vendor.
· The extreme directions, subject to conformance testing, shall be explicitly declared by the vendor.
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8 Terminology
The terminology used in this contribution is taken from TR37.842 v1.6.0 and from [1].
Additional explanations of terms can be found below:

Directions diagram: A two dimensional Cartesian diagram showing φ on the x axis and θ on the y-axis.
In an earlier contribution [5], it has been suggested that the directions diagram is the same as the Mercator projection. This is not correct: The directions diagram exhibits linear scaling on both the horizontal (φ) and vertical (θ) axis, whereas the Mercator projection does not on the vertical (latitude) axis.
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