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1 Introduction

During RAN4#74bis and previous meetings, OTA sensitivity has been discussed. RAN4#74bis made good progress on the TX radiated power requirement, but less progress on OTA sensitivity. Nonetheless, the amount of outstanding issues on radiated sensitivity is not large.
The term range of angles of arrival (RoAoA) has been discussed several times and is well understood. Remaining questions include the need or lack thereof of a concept of “beams” in uplink and the need for a “center” to a range of angles of arrival.

This paper discusses these issues in the context of different potential UL architectures and proposes a unified concept for OTA sensitivity that is applicable for all UL architectures.
2 Discussion
2.1 Array types and spatial sensitivity patterns
A basestation will typically deploy multiple antenna elements for UL reception together with combining of the signals received on each antenna element. Combining may take place at one or multiple locations within the AAS architecture:
· Within the RDN

· After UL reception with the radio modules, but before presentation to baseband

· Within baseband

A key differentiator of uplink combining methods is whether the methods are adaptive or not.

Non adaptive combining typically takes place in the RDN or radio. The signals received at different antenna elements are combined with a phase/amplitude weighting that does not adapt based on received signals. A basestation that only does non adaptive combining will have over short and medium periods of time a fixed spatial pattern of uplink sensitivity. The sensitivity pattern may be altered from time to time by altering of the phase progression. Since the sensitivity pattern is fairly static, it may be referred to as an “uplink beam pattern”. Furthermore, in the special case that the same antennas and the same phase progression are used for uplink and downlink, the “uplink beam pattern” may even coincide with the downlink.
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Figure 1 Uplink sensitivity pattern for static combining
The ability to adapt the phase progression enables the uplink sensitivity pattern to be moved. Thus although a single uplink sensitivity pattern can describe the spatial response of the receiver for any particular setting, there exists a continuum of potential uplink sensitivity patterns.
Adaptive combining typically takes place in the baseband. An extreme of adaptive combining is depicted in figure 2. In this case, the baseband receives signals from all receive antenna elements for combining. Although baseband combining goes by the generic name “receive diversity”, a variety of different algorithms exist for baseband combining such as ZF, MMSE, IRC etc.
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Figure 2 Examples of UL sensitivity patterns for dynamic combining
With adaptive combining, the uplink sensitivity pattern differs depending on the position of the receive UE and potentially the positions of interferers. Furthermore, if there is simultaneous reception from multiple UEs, each UE is associated with it’s own sensitivity pattern.

Thus with fully adaptive combining, there is no single sensitivity pattern. It might of course be possible to make a pattern relating to the envelope of the point of peak sensitivity (dependent on UE position), as least for AWGN conditions and no interferers. However such a pattern should not be confused with what is commonly referred to as an “uplink beam pattern”, since the pattern includes combining gain and also since the pattern does not imply anything about the rejection given to interferers dependent on spatial position (which an uplink beam pattern does).
In reality, an AAS basestation will be neither of these two extremes. It is unlikely that an AAS will be built with complete baseband combining of all antenna elements (at least for first generations of AAS), and it is also unlikely that an AAS basestation will be built with no baseband combining at all. However for all basestations that do include some amount of baseband combining, the comments above relating to adaptive UL behavior apply; i.e. there is no concept of an “uplink beam pattern” and any envelope pattern is not the same thing as a beam pattern.

2.2 RoAoA concept

In this section, application of the concept of RoAoA for the two types of combining considered above is examined. Figures in this example are provided considering one axis only for ease of understanding, however the concepts should be applied to both steering dimensions.
An RoAoA is characterized by a range of angles in two orthogonal planes within which the declared sensitivity level is met or exceeded. Even if a basestation is incapable of any adaptation and always has a single fixed UL sensitivity pattern, an RoAoA is always stated in terms of maximum angles at which sensitivity is maintained in both directions in each plane. For conformance testing, it might be supposed that testing would be performed at the extreme points on each plane. In this case, 4 testing points per RoAoA are needed, regardless of the type of array. A further testing point could also be in the (in some way defined) “center” of the RoAoA.
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Figure 3 Range of Angles of Arrival in one plane
It is worth to note at this point that definition of the “center” of an RoAoA may be a convenience for defining a testing point, but is not needed for the definition of an RoAoA (and is not an essential testing point for ensuring that EIS is met across the range either).

For a basestation that does not do any baseband combining but whose RoAoA can be adapted, there will exist a continuum of possible RoAoA. 
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Figure 4 Movable RoAoA (due to adjustable passive combining) in one plane
However within this continuum there will be an RoAoA whose extremety reaches to the maximum extent from which a signal is expected to be received at the basestation. The “extreme” RoAoA will be different for each extremity of each orthogonal plane in the co-ordinates system. Figure 5 illustrates the extreme RoAoA for one plane. Generalizing to two planes, there will be up to four “extreme” RoAoA; two for each plane. 

If it is not intended for an RoAoA to be placed in different angular ranges on one of the planes, then then declaration of the RoAoA will require at most 2 extremes. If the RoAoA is not movable, then only a single RoAoA need be declared.
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Figure 5 Example of extremes of RoAoA position in one plane
Apart from the “extreme” RoAoA, it is potentially also useful to declare an RoAoA for which the declared sensitivity level is minimum (i.e. best). This RoAoA is likely to lie somewhere in the middle of the extremities of AoA.
For an array that performs only baseband combining, a single RoAoA can be declared, since the BS is able to detect and adapt to any UE within the range. As discussed in [1], if more information is desired about the variation of sensitivity within the RoAoA, then multiple concentric RoAoA could be declared with multiple sensitivity levels
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Figure 6 Concentric RoAoA
3 Conclusion

For a simplistic AAS basestation that has no baseband combining, RoAoA is the same as the concept of an “uplink beam pattern”. For BS that perform baseband combining algorithms, an RoAoA is not the same as an uplink beam pattern, but is a useful concept for describing the sensitivity performance of the basestation. In both cases, the concept of RoAoA combined with the ability to declare multiple RoAoA enables a full description of the UL sensitivity requirement. 
It is therefore only necessary for 3GPP to describe RoAoA. We note that with this concept, a vendor is free to describe the RoAoA in the special case of a non RX diversity BS as the beam pattern in product information.

For declaring the RoAoA, declarations of the extremeties of AoA on each axis and the EIS associated with the RoAoA are required.

It is noted that each declared RoAoA potentially includes 4 or possibly 5 sensitivity testing points, and the test time and feasibility of testing all points may need further discussion during the conformance part.
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