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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.

Item 4 was treated separately. This contribution discusses the other three main items (including specifically identified sub-items in item 2).
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.
In particular, the concept of beams and ranges of angles require attention. Also the concept of steering is important to have a common understanding on.

With this in mind, the three first items on the WF are addressed below.
3 Terminology and semantics
It has been agreed that radiation properties in UL and DL are not automatically the same (including the intended cell coverage). However, it is not unlikely that some kind of correspondence in terminology is useful since as pointed out in e.g. [5], the actual coverage is in general defined where both UL and Dl are served. 

As a first step, it should be agreed that the reference for directions should be the same in UL and Dl properties. In [6] it is proposed that the terminology to be used shall be “azimuth” and “elevation” in line with the convention in the BS antenna industry. It is also proposed that the manufacturer shall have the freedom to define a coordinate system for near position definitions, but that an azimuth plane and an elevation plane shall be defined in the coordinate system, so that there is a general description of directions applicable to all AAS BS. This proposal is in line with the initial conclusions of the off line discussions on direction references held in RAN4#74bis.
1. The same direction references shall be used in transmitter and receiver requirements.
2. Azimuth and Elevation are established and preferred references for directions.

It will be described below that a directions diagram is a useful way describe directions in a two dimensional diagram. This is a formalisation of a diagram already used frequently in the AAS WI discussions. By defining it, it is easier to interpret the reference to it.

3. A directions diagram is a two dimensional Cartesian diagram showing azimuth on the horizontal axis and elevation on the vertical axis.

There has been agreement that the concept of beams shall be used exclusively for transmitter radiation descriptions. For receiver radiation properties, a range of angle of arrival has been referred. This is in line with antenna terminology practised by IEEE [7]. 
As described in [8], a range of angles does not itself refer to any BS property. It requires a qualifier. It is proposed that the RoAoA here shall be referred to as “OTA sensitivity direction range”. As described above, it is important that the terminology does not exclude future use of functionality. This terminology is therefore preferable to defining RoAoA as something exclusively applicable to OTA sensitivity. 
4. An OTA sensitivity direction range is a manufacturer declared RoAoA in which the sensitivity criteria are to be met or exceeded for a declared EIS.

Also described in [8] is how a range of angles can in general be attributed an average direction, defined by the geometric centre of the range as described in a directions diagram. Such a centre can represent the general direction to which the OTA sensitivity is pointing. This direction may be a suitable reference for conformance test direction identification. There are alternative ways to address the choice of conformance testing directions as described below. However, the RoAoA centre direction of the OTA sensitivity, below nominated the OTA sensitivity centre direction, is shown to have its merits, as it is automatically defined for all OTA sensitivity direction ranges.
5. The OTA sensitivity centre direction is the direction defined by the geometric centre of the OTA sensitivity direction range as described in a directions diagram.

Steering of a range of angles is not a meaningful itself, but steering of a physical property such as e.g. OTA sensitivity can be meaningful and useful. In a similar way as beam steering, it is assumed that the sensitivity does not vary drastically during steering. Steering is more discussed in [8]. Here in the terminology discussion, a definition analogous to the beam steering definition is proposed:
6. OTA sensitivity steering is setting the OTA sensitivity centre direction different from its zero steering direction while essentially maintaining the RoAoA delimiter contour shape, size and orientation of the OTA sensitivity direction range, without changing the declared EIS.
4 Declaring OTA sensitivity

The agreement referred in paragraph 1 of the WF is that OTA sensitivity shall be declared per a declared OTA sensitivity direction range. However, off line discussions during RAN4#74bis suggested that there is little agreement on the actual shape of the RoAoA to be declared. The simple way would be to allow the manufacturer to define the declared RoAoA to match the RoAoA where the EIS is actually met. The terminology applied in the requirement must allow this in a way that is not overly complicated. The use of directions diagram to describe the requirement is simple and useful. (Note that the declaration itself need not use the directions diagram.) However, some restrictions on the RoAoA for the OTA sensitivity direction range may be reasonable to agree. 
One such restriction proposed is that the RoAoA when described in a directions diagram shall be a simply contiguous area. Whilst this restriction is not strictly necessary, it helps defining the directions for conformance testing in a simple manner. For the same reason it is proposed to apply the restriction that the OTA sensitivity direction range shall contain its centre direction.
7. The manufacturer shall declare one or more OTA sensitivity direction ranges. An EIS declaration and a RoAoA declaration shall be related to each such range.

8. The OTA sensitivity direction range as described in a directions diagram shall be a simply contiguous area containing its centre direction.

The simplest AAS BS concepts (as described above) will have reciprocal antenna properties and hence there has been some expectation of reciprocal behaviour. For more complex AAS BS implementations where multiple demodulated signals can be combined in the digital domain, it is possible to apply adaptive combining. Ä corresponding action can be done also for transmission (referred to as adaptive lobe shaping) and in that sense, there is reciprocity also in this case. However, the transmitter beam power is restricted by the maximum output power, and therefore multiple simultaneous beams cannot be upheld simultaneously at the maximum per beam transmitted power. For the receiver however, the signal power is already used for demodulation prior to combining and therefore the simultaneous adaptive combining can be made without any loss in sensitivity performance. Since adaptive combining can be made in parallel, it can be performed inside the OTA sensitivity RoAoA without any loss in generality. It is suggested that the EIS declared for an OTA sensitivity direction range shall comprise effects of adaptive combining, if any, inside its RoAoA.
9. The EIS declared for an OTA sensitivity direction range shall comprise effects of adaptive combining, if any, inside its RoAoA.

From the above it is clear that steering the OTA sensitivity directions range is not the same as adaptive combining inside an OTA sensitivity direction range. It is setting the OTA sensitivity centre direction different from the zero steering direction declared for it. This concept allows the vendor to describe the situation where the OTA sensitivity in some sense matches the beam steering in the downlink, e.g. with redistribution of directivity. It is clear that, like beam steering can be described as different fixed beams with a large number of different beam centre directions, OTA sensitivity direction range steering can be described as separate OTA sensitivity direction ranges with a large number of centre directions. In both cases the concept of steering is used to describe a commonality between the fixed beams respective OTA sensitivity direction range. Also in both cases, a zero steering direction needs to be declared as the reference for steering.
10. If steering is applied for an OTA sensitivity direction range, an associated zero steering direction shall be declared by the manufacturer.

Hence the applicability of steering can be inferred by the declaration of zero steering directions for each OTA sensitivity direction range. In order to identify the extreme steering directions, also the steering range needs to be declared.
11. If steering is applied for an OTA sensitivity direction range, its steering range shall be declared by the vendor.

The issue of polarization was discussed in RAN4#74bis. No agreement was reached on how polarization should be considered in relation to OTA sensitivity, but there seemed to be consensus that polarization matching should be assumed. The two proposals related to OTA sensitivity were: 
· That the requirement (i.e. the declaration) applies to each nominal polarization in the case of dual polarization. 
· That the requirement (i.e. the declaration) applies to the mean of the sensitivities for the two nominal polarizations in the case of dual polarization. 
The latter proposal represents some difficulties in the definition of the mean sensitivity presented, which becomes apparent if the difference of the two polarization sensitivities is great – say a floating transformation from single to dual polarization. However, a third interpretation of the OTA sensitivity requirement could be that the declaration applies only to the best polarization. This would have the merit that the value would represent the same property for single polarization as for a dual polarization. (This can also be said to apply in some sense for the declaration applying per polarization in the case of dual polarization.) Declaring the OTA sensitivity per polarization is the most flexible way to handle the issue since the test criteria are polarization agnostic, but this leads to the need to define the polarizations as well, which represents a big complexity. Applying the declared EIS for each polarization in the case of dual polarization seems a good middle way offering the most information without adding substantial complexity to the declarations, requirements, or testing. As described in [9], the test procedure may be affected by whether dual polarization reception is supported or not by the AAS BS. Therefore the manufacturer shall declare whether dual polarisation reception is supported. (Note that the actual polarizations, as described in [10], need not be declared to enable testing.)
12. The manufacturer shall declare whether dual polarization is supported.

13. The declared EIS for OTA sensitivity shall be apply for each polarization supported under the assumption of polarization matching.

As explained in [10] and [9], the complexity of OTA sensitivity testing can greatly be reduced if the DUT supports maximum ratio combining. In order to utilise this, the information on whether MRC is supported needs to be available to the tester. However, this is more of a conformance testing related declaration, which may be premature to address in the current discussion.
5 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. Again, 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 one than 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 steering where applicable. Here, only the zero steering direction and the extreme steering directions (to be defined below) could be subject to test (with the agreed number of test points per OTA sensitivity RoAoA), which would 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.
Some options in defining the directions for conformance testing are described and depicted in the directions diagrams in figures 1 to 5 below. 

Conformance directions, option 1

Picking an arbitrary direction inside the OTA sensitivity RoAoA delimiter for conformance testing would minimize the testing time. It would offer a better test coverage than one predefined direction, but would represent a departure from the current 3GPP practice. Questions may also arise as to how arbitrary a picked direction eventually will turn out to be. This option is depicted in figure 1.

Figure 1, A directions diagram depicting an OTA sensitivity direction range with its centre direction marked by a red cross. The RoAoA delimiter is the black dotted line. An arbitrarily chosen direction for conformance testing is marked by the gray cross.
Conformance directions, option 2
Another way to maintain one test direction per RoAoA is to test direction furthest from the RoAoA centre, assuming that maintaining the EIS is most difficult in this direction. Against this assumption may be held that this direction is also likely to be the least representative direction (in the range of angles). Since the RoAoA centre is the average of all the directions in the RoAoA, it can be said to be the most representative. It may on the other hand be expected to be direction where the EIS is easiest to meet. 
Conformance directions, option 3
Testing both the RoAoA centre and the most extreme direction would capture both the most representative and the most difficult direction at the cost of two measurements per OTA sensitivity RoAoA. This option is depicted in figure 2.
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Figure 2, A directions diagram depicting an OTA sensitivity direction range with its centre direction marked by a red cross. The RoAoA delimiter is the black dotted line. The direction furthest from the OTA sensitivity centre direction is marked by the gray cross.
Conformance directions, option 4
Extending the number of tested points, the most extreme in azimuth and elevation directions of the RoAoA can be used. This option is depicted in figure 3.
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Figure 3, A directions diagram depicting an OTA sensitivity direction range with its centre direction marked by a red cross. The RoAoA delimiter is the black dotted line. The extreme azimuth directions in the RoAoA are marked by green and purple crosses. The extreme elevation directions in the RoAoA are marked with orange and blue.
Conformance directions, option 5
Yet another possibility is to apply testing along the tilting and panning lines from the RoAoA centre. This will make sure the azimuth extremes tested are on the same elevation, and correspondingly the elevation extremes on the same azimuth. This option is depicted in figure 4.
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Figure 4, A directions diagram depicting an OTA sensitivity direction range with its centre direction marked by a red cross. The RoAoA delimiter is the black dotted line. The extreme azimuth directions in the RoAoA centre elevation are marked by green and purple crosses. The extreme elevation directions in the RoAoA centre azimuth are marked with orange and blue.

Conformance directions, option 6
Whilst it seems reasonable to expect that most of the field applications will relate to the horizon it is not suitable to relate the directions for conformance testing this way since it cannot be guaranteed that the azimuth plane or elevation plane will intersect with the declared RoAoA. Figure 5 depicts the extreme azimuth in azimuth and elevation planes respectively.
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Figure 5, A directions diagram depicting an OTA sensitivity direction range with its centre direction marked by a red cross. The RoAoA delimiter is the black dotted line. The extreme azimuth directions in the RoAoA intersection with the azimuth plane are marked by green and purple crosses. The extreme elevation directions in the RoAoA intersection with the elevation plane are marked with orange and blue.
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. This can be achieved testing the centre of the declared RoAoA and the most extreme angular difference within the declared RoAoA form the OTA sensitivity centredirection, as described in option 3 and depicted in figure 2.
14. Conformance testing  shall be performed for each OTA sensitivity centre direction and the direction furthest away from it in the RoAoA delimiter of the OTA sensitivity directions range.
If steering is applied for an OTA sensitivity direction range, only the zero steering direction and four extreme steering directions shall be subject to conformance testing. Identifying the extreme directions can be done using the declared steering range. There are a few possible guidelines to be chosen for identifying the directions for conformance testing as shall be discussed below. The steering range in the examples is intentionally asymmetric to highlight the difference between the approaches of choosing the conformance test directions.
Steering directions for conformance testing option 1

One way is to test in the maximum and minimum tilting and panning. This is depicted in a directions diagram in figure 6 for a steering range. Note that the extreme panning are only achieved with simultaneous tilting and vice versa.
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Figure 6, A directions diagram depicting a steering range (for an OTA sensitivity direction range) with the zero steering direction marked by a yellow cross. The steering range delimiter is the black dashed line. The extreme azimuth steering directions are marked by maroon crosses. The extreme elevation steering directions are marked with blue. 

Steering directions for conformance testing option 2
Another approach is to require that steering is only made in elevation or azimuth when finding the extremes. (I.e. the extreme panning is found under the restriction that no tilting is applied, and correspondingly tilting is applied without panning). This is the approach taken with EIRP accuracy. The resulting directions are depicted in figure 7 below.
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Figure 7, A directions diagram depicting a steering range (of an OTA sensitivity direction range) with the zero steering direction marked by a yellow cross. The steering range delimiter is the black dashed line. The extreme azimuth steering directions are marked by maroon crosses. The extreme elevation steering directions are marked with blue. 

Steering directions for conformance testing option 3
Yet another way is to just identify the extreme steering directions. The number of extremes may be difficult to set in this case. (One is of course always unambiguous, but with more than two, it becomes difficult without restrictions since the two extremes may be very close to each other.)
It can be noted that in many real AAS BS implementations the steering 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 the extreme panning and tilting without mutual restrictions will generally result in a greater span between the tested directions than applying panning and tilting exclusively as shown in figures 6 and 7. Therefore, extreme panning and tilting shall be the steering directions for conformance testing. This is described by option 1 above.
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. In such cases, reusing the criteria for conformance test directions (with no steering) above will produce an unnecessary easy to pass test. Instead it is proposed that the extreme directions for the RoAoA in each steering position shall be chosen to be the one furthest away from the zero steering direction but inside the RoAoA. This is depicted in an example in figure 8 below.
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Figure 8, Steering range from figure 6 (blue shading with dashed delimiter) in different scaling directions diagram. OTA sensitivity centre directions for zero steering, extreme panning and extreme tilting directions are shown with red crosses. The shape of the RoAoA pointed at the zero steering direction is the same as in figure 2. (Very narrow RoAoA is used in order to demonstrate directions concept.) The same OTA sensitivity direction range at the extreme steering directions is also indicated by dotted RoAoA contours. The extreme directions to be tested in addition to the centre direction at each steering direction are shown as grey crosses. Note that slight changes in the shape of the RoAoA over the steering range are shown schematically.
In figure 9, the case where the extreme panning directions are chosen with the restriction that no tilting is done simultaneously and correspondingly that the extreme tilting directions are without simultaneous panning. The OTA sensitivity centre directions remain the same and are subject to testing the same way as depicted in figure 8. However, the extreme direction in each steering direction subject to conformance testing are chosen to be the one furthest away from the zero steering direction along the panning axis or tilting axis respectively.

It can be seen that the extreme directions in general represent a smaller difference from the zero steering direction in this case, compared to the case in figure 8.
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Figure 9, Steering range from figure 7 (blue shading with dashed delimiter) in different scaling directions diagram. OTA sensitivity centre directions for zero steering, extreme panning and extreme tilting directions are shown with red crosses. The shape of the RoAoA pointed at the zero steering direction is the same as in figure 2. (Very narrow RoAoA is used in order to demonstrate directions concept.) The same OTA sensitivity direction range at the extreme steering directions are also indicated by dotted RoAoA contours. The extreme directions to be tested in addition to the centre direction at each steering direction are shown as grey crosses. Note that slight changes in the shape of the RoAoA over the steering range are shown schematically.

15. If steering is applied for an OTA sensitivity direction range, only the zero steering direction and the extreme panning and extreme tilting directions shall be subject to conformance testing. 

16. In each steering direction subject to conformance testing, the direction in the related RoAoA furthest away from the zero steering direction and the OTA sensitivity centre direction shall be tested. 

6 Observations
· The terminology, declaration philosophy and conformance testing allows for the specific differences between the transmitter OTA requirement and the receiver OTA requirement while maintaining a degree of reciprocity between the two.

7 Conclusions
Terminology and semantics:
1. The same direction references shall be used in transmitter and receiver requirements.

2. Azimuth and Elevation are established and preferred references for directions.

3. A directions diagram is a two dimensional Cartesian diagram showing azimuth on the horizontal axis and elevation on the vertical axis.

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

5. The OTA sensitivity centre direction is the direction defined by the geometric centre of the OTA sensitivity direction range as described in a directions diagram.

6. OTA sensitivity steering is setting the OTA sensitivity centre direction different from its zero steering direction while essentially maintaining the RoAoA delimiter contour shape, size and orientation of the OTA sensitivity direction range, without changing the declared EIS.

Declaring OTA sensitivity:

1. The manufacturer shall declare one or more OTA sensitivity direction ranges. An EIS declaration and a RoAoA declaration shall be related to each such range.

2. The OTA sensitivity direction range as described in a directions diagram shall be a simply contiguous area containing its centre direction.

3. The EIS declared for an OTA sensitivity direction range shall comprise effects of adaptive combining, if any, inside its RoAoA.

4. If steering is applied for an OTA sensitivity direction range, an associated zero steering direction shall be declared by the manufacturer.

5. If steering is applied for an OTA sensitivity direction range, its steering range shall be declared by the vendor.

6. The manufacturer shall declare whether dual polarization is supported.

7. The declared EIS for OTA sensitivity shall be apply for each polarization supported under the assumption of polarization matching.

Directions for conformance testing:
1. Conformance testing  shall be performed for each OTA sensitivity centre direction and the direction furthest away from it in the RoAoA delimiter of the OTA sensitivity directions range.

2. If steering is applied for an OTA sensitivity direction range, only the zero steering direction and the extreme panning and extreme tilting directions shall be subject to conformance testing. 

3. In each steering direction subject to conformance testing, the direction in the related RoAoA furthest away from the zero steering direction and the OTA sensitivity centre direction shall be tested. 

8 References
[1] 

3GPP R4-151203, WF on OTA sensitivity specification, Nokia Networks
[2]

3GPP R4-152565, WF on OTA sensitivity, Huawei

[3] 

3GPP R4-150949, OTA sensitivity level identification. Part1, Huawei

[4] 

3GPP R4-150950
, OTA sensitivity level identification. Part2, Huawei

[5] 

3GPP R4-152209, Selection of reference points for AAS OTA sensitivity requirement, Nokia Networks
[6]

3GPP R4-153419, On description of directions and coordinate systems, Huawei

[7]

IEEE Standard definitions of Terms for Antennas IEEE Standard 145-1993
[8]

3GPP R4-153423, On groups of directions, Huawei
[9]

3GPP R4-153433, OTA sensitivity testing example, Huawei
[10]
3GPP R4-151798, Polarisation impacts on OTA requirements and conformance testing, Huawei
9 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
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