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1 Introduction

During RAN4#75, OTA sensitivity was discussed and there was an attempt to draft a WF covering the discussions [1]. This contribution proposes a solution for the OTA sensitivity definition that can address the different potential AAS architectures that were discussed.
2 Discussion

As discussed in [2], OTA sensitivity in the UL differs from the DL EIRP requirement in several important aspects:

· The EIRP requirement is defined for a single point within a beam, whereas the receive sensitivity requirement is defined over a range of points (range of angles of arrival)

· The EIRP requirement is achieved by a specific beam and may only be achieved at a single point at one instance in time; the OTA sensitivity requirement may be achieved at multiple points simultaneously since diversity combining can be performed specifically for each UE.
· For DL, it is possible to talk about a “beam pattern”. The UL sensitivity pattern is not the same thing as a beam pattern, as it is adaptive. Furthermore, the UL sensitivity pattern does not convey information about the ability to reject interference except in the case of 1RX. (BS IRC demodulation requirements in effect capture interference rejection capabilities)
· The UL behavior takes into account dynamic baseband combining. Baseband combining algorithms are based on instantaneous characteristics of the received signals, e.g. (MMSE):
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(MMSE formula provided without explanation as an example; see relevant literature for a wider description of BB receiver algorithms)
With these differences in mind, we believe that for the uplink, it is most useful to talk about a range of angles of arrival in both theta and phi over which sensitivity can be achieved.

There exists a variety of different potential BS architecture. The most futuristic is one in which a large array of transceivers provide signals to a baseband processing module that is able to carry out full adaptive combining.
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At the opposite extreme, steering may be completely passive steering in an RDN, with a single baseband port (1RX).
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In the futuristic example, an RoAoA can be defined within which sensitivity can be achieved. Since the baseband is adaptive and can carry out signal specific processing, it is possible to receive signals from anywhere in the RoAoA simultaneously and achieve sensitivity for all of them (subject to processing constraints).
In the simple example, the UL pattern is similar to a beam and sensitivity can be achieved simultaneously within the beamwidth. However passive steering can be used to move the sensitivity area. Within the area over which the beamwidth can be steered, sensitivity can be achieved but only when the beam is pointed in the right direction; it is not necessarily possible to receive from multiple points simultaneously.
Most basestation implementations will be somewhere between these two extreme examples and involve aspects of RDN combining and also adaptive baseband combining.

A further example that was discussed offline in Fukuoka is one in which may or may not be some baseband combining, but there are also multiple passive antennas that cover different geographical areas. The passive antennas may or may not be steerable, but importantly the coverage areas differ.
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Clearly, in all cases there is a need for the concept of an area within which the sensitivity requirement can be met simultaneously. For convenience, in this document this area is termed the “sensitivity RoAoA”. For a fully adaptive system, this is all that is needed. During the offline discussions in Fukuoka, this area was called the “orange area”.
In the second example, there is a need to describe another range of positions within which the Simultaneous RX area can be placed, depending on the RDN settings. For convenience, in this document, this second area will be termed the “receiver redirection range”. During offline discussions in Fukuoka, the “receiver redirection range” was referred to as the “blue area”. The word “area” is changed to “range” in this case to allow for cases in which the sensitivity RoAoA can only be moved to specific points. It should be noted that the receiver redirection range could potentially be a non-contiguous area/set of points.
In the first example where there is complete baseband combining, the sensitivity RoAoA and receiver redirection range coincide and there is a single area/set of points.
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In the second example, where there is some element of passive combining that can only be varied on a slow basis, the total RX area is larger than a sensitivity RoAoA. At different points in time, the passive combining may be set such that the sensitivity RoAoA is positioned at different points within the receiver redirection range. It is possible that at these different points, the receiver redirection range has a different size and shape. In all cases, the sensitivity RoAoA will always lie within the receiver redirection range.
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It is necessary to consider further in this case how to declare the sensitivity RoAoA. Some options include:

· Declare the minimum sized sensitivity RoAoA that will always be achievable at any point within the receiver redirection range. If larger sensitivity RoAoA can be achieved at some positions, information on this is captured in manufacturer product information and not 3GPP conformance declarations

· Declare the size and shape of the sensitivity RoAoA at several places within the receiver redirection range (e.g. at extremes on each axis and the centre)

As proposed in the (not agreed) WF, the combination of a declared EIS, a declared receiver redirection range and declared information on the sensitivity RoAoA within the receiver redirection range can collectively be termed an OSDR.

In the third example, there may be a possibility for more than one sensitivity RoAoA to be active. This can be captured by allowing for declaration of more than a single OSDR. It should be noted that multiple OSDR may be declared with the same EIS (but different receiver redirection ranges) or different EIS.  Within each OSDR, the principles for sensitivity RoAoA positioning can be the same as in the single OSDR case.
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A single receiver redirection range may be non-contiguous, but the difference between a single receiver redirection range and multiple receiver redirection ranges in multiple OSDR is that for a single receiver redirection range, only a single sensitivity RoAoA may be active whereas if there are multiple receiver redirection ranges then there may be a sensitivity RoAoA active in each receiver redirection range.

Thus a suitable framework for describing and declaring the OTA sensitivity requirement could be as follows:
Proposal 1: One or more OSDR(s) are declared. An OSDR consists of a declared EIS, a redirection range and a description relating to the sensitivity RoAoA shape

· OSDRs may be declared with the same EIS but different redirection ranges, or with different EIS

· A more suitable name than “OTA Sensitivity Direction Range” may be adopted

Proposal 2: The size and shape of a redirection range (on a directions diagram) is free for the manufacturer to declare. Each range may be a continuous area, non-continuous areas or a set of discrete points.

· A more suitable name than “receiver redirection range” may be adopted

Proposal 3: Within each receiver redirection range, a single sensitivity RoAoA may be positioned. The sensitivity RoAoA may be repositioned within each receiver redirection range. The BS can achieve sensitivity for positions within a sensitivity RoAoA without reconfiguration. A sensitivity RoAoA is active for each receiver redirection range.
· A more suitable name than “sensitivity RoAoA” may be adopted

· 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
Adopting the framework described by the three proposals above will enable a sensitivity declaration for each type of BS architecture
Several open issues remain to be decided if this framework would be adopted; however we believe that in principle the framework could be decided first, enabling a focused discussion on the open issues. Open issues include:
· How to declare the sensitivity RoAoA, as described above

· Terminology, as indicated in the proposals

· How to determine test points. This is discussed further in [1].
3 Conclusion

In this document, a framework is discussed for declaring OTA sensitivity that is applicable to each example of BS architecture that has been considered. It is proposed that this framework is endorsed and then a further focused discussion on the open issues can take place.
4 References

[1] Ericsson, “OTA sensitivity testing”, 
R4-75AH-AAS-0015, RAN4 BS AAS Ad-Hoc, June 2015
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