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1 Background
The discussion on OTA sensitivity in RAN4#74bis in Rio de Janeiro resulted in a renewal of the WF from the RAN4#74 meeting in Athens [1], [2]. Whilst the WF in [1] remains, a few additional questions to respond were added in the new WF [2]. For convenience, the two WF are rephrased into a combined set of agreed bullets below: The new WF was needed since the references on directions were revealed to be insufficiently agreed. (This applies to OTA requirements in general, but was captured in bullets a, and b below.)
Agreements:

1. Document the agreement requiring vendors to declare sensitivity for any claimed range of angles of arrival.

2. Agree on terminology and semantics used in specifying the range of angles of arrival 
a. 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.

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

c. 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.

d. 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.

3. Agree on the specification of reference points (number and position, in both azimuth and elevation) within each range of angles of arrival necessary to demonstrate compliance to the requirements

4. Choose either TRS or EIS as the figure of merit for Wide-Area, Medium Range and Local Area base stations.

In RAN#75 it was agreed that EIS would be an applicable requirement for all classes of BS. Whilst TRS was not explicitly ruled out for the future, Item 4 on the list of issues above can be considered resolved in the sense that at least one option is defined. 

A text was also agreed describing the coordinate system and the directions descriptions to be used commonly for OTA requirements [5]. Therefore it also items 2a and 2b can be said to be resolved.
Whilst no TP or WF was agreed regarding the other items on the list, it can be noted that the following was agreed during the on line discussions:
· There is a need to be able to describe where a RoAoA as described in a directions diagram can be repositioned maintaining  its essential shape, orientation and declared EIS.

· It is possible to identify a specific direction within a range of directions and describe it as the general direction of the range. However, opinions on whether this useful differ. 

Further, It was noted in the discussions that: 

· It is sensitive to reuse terminology from DL in UL descriptions of OTA requirements.

In the following, terminology will be sought to be different between the UL and the DL while still being descriptive. 
2 Introduction

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 [3] and [4] 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.
With this in mind, item #3 from the WF is addressed below.
3 Reference points for conformance testing
Whilst it has been agreed that one direction is sufficient to test the EIRP accuracy (for each beam and each extreme steering direction) the issue of further directions to be subject to conformance testing has been brought up for OTA sensitivity. The fundamental difference between a beam and a range of angles in general can be used to argue that it is reasonable. The OTA sensitivity is referring to a sensitivity level to be met over a declared range of angles, and hence conformance testing in more than one direction can seem reasonable. 
As mostly with conformance testing, a balance needs to be stricken between the testing effort and the coverage provided by the test. For the case of sensitivity testing, it can be noted that each tested direction can be time consuming due to the test criterion (if the actual sensitivity shall be found). There are ways that can reduce the test time (An example of how this may be done is given in [9].) Another way to reduce the burden of testing is to apply the concept of OSDR aim redirection where applicable. This can substantially reduce the number of tested directions in some cases. Yet, it is clear that the number of tested directions per OTA sensitivity RoAoA will multiply with the number of declared OTA sensitivity direction ranges, and that testing of complex flexible AAS BS may amount to a large number of directions with related test time.
During the discussions on a WF in RA4#75 there appeared to be a growing consensus that a total of 5 or possibly 4 directions per OSDR or even per OSDR redirection range would constitute sufficient conformance test coverage. There seemed to be two distinguishable preferences related to the identification of the directions to be subject to testing: One preference relates the directions to a defined inner point (receiver aim direction or receiver reference aim direction) and relates the extreme directions as the maximum deviation in either the φ or the θ direction. The other preference identifies the 4 extreme directions as the four possible combinations of the extreme θ and φ values achievable for the OSDR. In this latter case, there is no need for an inner point to determine the extreme directions, but one may be (arbitrarily or deterministically) picked to expand the test coverage. In the following discussion, these two preferences will be discussed.
Conformance directions, option 1
Figures 1 to 4 all depict variants of test direction selection using only extreme φ and θ values. The four extreme values are chosen as the ones with the highest and the lowest θ respective φ values. A fifth inner direction is suggested using three options of definition.
Figure 1 shows how these values can be identified in a directions diagram depicting a receiver aim redirection range. Both ways of defining the aim redirection range (as described in [6] ) are shown: One is the green contour and the other as the blue shaded area with dashed contour. Grey crosses represent the directions for conformance testing. The red crosses represent the direction of the receiver aim direction for the respective OSDR setting required to test the conformance directions. 

Figure 1: Directions diagram showing a receiver aim redirection range. 4 directions for conformance testing are marked by gray crosses.
Figure 2 depicts the same directions diagram as in figure 1 but now an inner point of the aim direction range is defined for a fifth conformance test direction. Three options are shown: Blue cross represent an arbitrarily chosen direction picked at the test instance or declared by the manufacturer. Orange cross (centre) represents the geometric centre of the aim redirection range contour. Yellow cross represents the intersection of one line drawn between the two extreme θ directions and one line drawn between the extreme φ directions, indicated by turquoise dash-dotted lines. Note that the OSDR is positioned with its aim direction in centre of the redirection range does not necessarily have to coincide with any of the conformance test direction options as long as the directions are inside the OSDR contour.
Figure 3 depicts a directions diagram showing an OSDR where no aim redirection can be done. Depending on the definition of the aim redirection range, this is described as either that the aim redirection range coincides with the OSDR (green contour) or that the aim redirection range comprises only one direction (blue shaded area). The four extreme directions subject to conformance testing are shown with gray crosses as in the other figures. An inner direction can be picked in the same ways as discussed in figure 2, but is not shown.
It can be noted that this method for identifying directions to be subject to conformance testing does not require the use of receiver aim directions or reference directions. The extreme directions are all identified by an extreme value as the highest or lowest φ. It is however important that proper instructions for how the OSDR shall be directed during the test are given by the manufacturer. Receiver aim directions may here be used for the description in specification texts. In any case, vendors should not be prevented from using the concept of aim directions when describing the setting of the OSDR direction.
Figure 4 shows a directions diagram depicting an aim redirection range with discrete aim directions (marked as red crosses). In this case the description of the setting and the range is substantially helped by the use of receiver aim directions, but the directions subject to conformance testing can be identified in any case. Note that inner test directions could be defined the same way as in figure 2 without any added complexity. As in figures 1 and 2, the green contour shows the envelope of AoA where the OTA sensitivity requirement can be met by the OSDR (but not necessarily at the same instant) when the OSDR is redirected appropriately.
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Figure 2: Directions diagram showing a receiver aim redirection range. 4 directions for conformance testing are marked by grey crosses. Yellow, orange and blue crosses indicate alternative directions for inner conformance test directions. Red crosses indicate OSDR receiver aim directions.
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Figure 3 Directions diagram showing OSDR with four extreme directions subject to conformance testing marked by grey crosses.
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Figure 4: Directions diagram depicting a receiver aim redirection range with discrete receiver aim directions marked as red crosses. Identified extreme directions subject to conformance testing are marked by grey crosses. The green contour depicts the envelope of all possible AoA achievable for the OSDR (though not simultaneously).
Conformance directions, option 2
Figures 5 to 7 all depict variants of test direction selection using a reference direction in the receiver aim redirection range. The four extreme values are chosen as the ones with the highest and the lowest θ keeping the φ value of the reference aim direction constant, respective the highest and lowest φ values keeping the θ value constant. A fifth inner direction may be defined using the three options of definition used in figure 2. The yellow cross coincides with the reference aim direction in this case, and would hence appear the natural candidate. Since a central direction is defined for basing the extreme directions on, no case with only extreme directions is presented. (It is easy to imagine omitting the centre direction for testing.)
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Figure 5, directions diagram depicting a receiver aim redirection range. The yellow cross marks the reference aim direction, the red crosses the OSDR receiver aim directions in extreme directions, and the gray crosses represent the extreme directions subject to conformance testing.

Figure 5 depicts a directions diagram showing a receiver aim redirection range. Both the envelope of all possible AoA where the OTA sensitivity requirement can be met (though not simultaneously) for the OSDR (green contour) and the range of receiver aim direction blue shade with dashed contour) are shown. The receiver reference aim direction is marked by a yellow cross. The OSDR receiver aim direction coincides with the reference aim direction. The OSDR is marked with grey shading and dotted contours with the respective receiver aim directions shown as red crosses. The extreme directions identified for conformance testing are marked by grey crosses. Note that the OSDR receiver aim directions are not generally in line with the extreme directions and the reference aim direction in a directions diagram. This is most obviously shown in the lower OSDR aim direction in figure 5.
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Figure 6 Directions diagram showing OSDR with four extreme directions subject to conformance testing marked by grey crosses. These directions are identified using option 2. The receiver aim direction is marked by a red cross.
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Figure 7: Directions diagram depicting a receiver aim redirection range with discrete receiver aim directions marked as red crosses. The reference aim direction is shown as a yellow cross, Identified extreme directions subject to conformance testing are marked by gray crosses. The green contour depicts the envelope of all possible AoA achievable for the OSDR (though not simultaneously).
Figure 6 depicts a directions diagram showing an OSDR where no aim redirection can be done. Depending on the definition of the aim redirection range, this is described as either that the aim redirection range coincides with the OSDR (green contour) or that the aim redirection range comprises only one direction (blue shaded area). The four extreme directions subject to conformance testing are shown with gray crosses as in the other figures. The receiver aim direction of the OSDR serves as the reference for the extreme directions. (It can be said that it coincides with the reference direction in this case.)

Figure 7 shows a directions diagram depicting an aim redirection range with discrete aim directions (marked as red crosses). The reference aim direction coincides with one of the fixed aim directions (marked as a yellow cross). This option of defining the extreme directions results in this case in the directions subject to conformance testing marked by the grey crosses. As in figure 4, the green contour shows the envelope of AoA where the OTA sensitivity requirement can be met by the OSDR (but not necessarily at the same instant) when the OSDR is redirected appropriately.
4 Discussion
A preferred set of 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 conformance testing is to make it likely that the performance over the entire OTA sensitivity direction range is met in all receiver aim directions supported. This can be achieved by testing the centre and the most extreme directions achievable in the declared RoAoA representing all AoA addressable in the receiver aim redirection range.
It can be noted that in many real AAS BS implementations the aim redirection ranges will be more symmetric than in the example used above, and the difference between the approaches will be smaller. Yet it cannot be guaranteed that the differences will fully disappear. Therefore it is important to be aware of the choice of approach.
Testing for conformance in the extreme φ and θ directions without mutual restrictions, as in option 1 above, will generally result in a greater span between the tested directions than option 2.
Even though the black box approach is generally recommended when defining test requirements, it can be expected that at least in some relevant implementation cases, the OTA sensitivity requirement will be more difficult to meet, the further away the tested direction is from the zero steering direction.
Whilst the entire discussion above is treating on OSDR with related receiver aim redirection range, an AAS BS may support multiple OSDR and consequently multiple receiver aim redirection ranges. Each OSDR and related receiver aim redirection range shall be subject to separate conformance testing.
5 Conclusions
Directions for conformance testing:
1. Conformance testing  shall be performed for each OTA sensitivity direction range and the corresponding receiver aim redirection range.

2. For each OSDR, only one inner direction and the four most extreme directions in the RoAoA addressable by the OSDR using the entire receiver aim redirection range  need to be subject to conformance testing. 

3. Details on the identification of the extreme directions and the inner direction shall be agreed in the AAS ad hoc discussions.
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7 Terminology
The terminology used in this contribution is taken from TR37.842. and [7].
Additional explanations of terms can be found below:

RoAoA:







Range of Angles of Arrival

OSDR:







OTA Sensitivity Directions Range

OTA sensitivity direction range 
a manufacturer declared RoAoA in which the OTA sensitivity criteria are to be simultaneously met or exceeded for a declared EIS

Receiver aim direction 
direction attributed to the RoAoA of an OTA sensitivity directions range to describe its general direction.

Receiver aim redirection 
setting the receiver aim direction different from its reference aim direction while essentially maintaining the RoAoA delimiter contour shape, size and orientation of the OTA sensitivity direction range, without changing the declared EIS.

Receiver reference aim direction
a reference direction from which receiver aim redirection is made

Receiver aim redirection range
the range of angles inside which the receiver aim direction of an OSDR can be pointed.
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