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1 Introduction

OTA sensitivity has been discussed during the past meetings and is an important open issue to progress in order to produce AAS specifications. A Way Forward was agreed at RAN4#72bis in [1]. This paper discusses some of the issues associated with OTA sensitivity with proposals for how the requirement should be formulated.
2 Discussion

Reference point and definition of OTA sensitivity
EIS (Equivalent Isotropic Sensitivity) has been discussed for some time as the OTA sensitivity requirement [2-7]. (Note that in this context it is important to differentiate the name of the requirement (OTA sensitivity) from the description of the way in which the power level is formulated in the requirement (EIS) ). Stating the power level as EIS captures the ability of the basestation, by means of RDN, radio and baseband combining to achieve directivity, in addition to noise and self-interference contributions to the sensitivity. It provides a whole system test for the basestation receiver.

Thus it is proposed that EIS should be used for the OTA sensitivity requirement, which implies a reference point outside of the basestation.
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Figure 1: EIS requirement applicable to the whole BS system
Some additional considerations should be taken into account:

· A view has been expressed in the past that the requirement should be captured in terms of a directional field strength. Field strength, power density and EIS are equivalent, as shown in [8]
· There is a need to define EIS in a normative way for the specification. For passive systems, EIS is defined as a conducted sensitivity plus an antenna gain. However since the sensitivity of active systems is somewhat more complex (due to combining, potential for larger self-interference etc.), it is preferable to define EIS in a manner that assumes the basestation to be a black box. A proposal is presented in [8].

· There has been some discussion on the need for a minimum OTA sensitivity requirement, potentially based on a normalization factor that relates EIS to beamwidth [7]. The need for a minimum requirement is discussed later in this document. There is no precedent however for setting a requirement with a virtual reference point that is not physically identifiable in the device under test, which is what would happen if the requirement would be set before a normalization factor. Therefore even if the beamwidth related normalization is adopted, it is preferable to state the requirement as an EIS requirement, with the normalization being a means to derive the requirement for a particular circumstance.
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Figure 2: Illustration of the beamwidth normalization approach for deriving an EIS requirement [7]
Proposal: The OTA sensitivity requirement is stated as an EIS requirement

Note that this is a proposal as to how the requirement should be expressed; the title of the requirement should be “OTA sensitivity”
Certain types of medium range and local area basestations may not aim to achieve directivity, but rather to have omnidirectional coverage. Therefore we propose that further consideration be given to whether, for such basestations a TRS requirement may be more appropriate when there is no directivity [9].

Minimum EIS requirement

The possibility of setting a minimum EIS requirement has been discussed during multiple meetings. In theory, a minimum EIS requirement would provide a consistent behavior between basestations. However, several factors should be taken into account:
· The array gain and directivity could vary significantly between different basestations, depending on their array design and the intended coverage area

· The characteristics of self-interference are not well understood for advanced arrays, and are likely to band, array architecture and configuration dependent

· Many more factors than conducted sensitivity and antenna gain impact the OTA sensitivity including the efficiency of combining, dynamic range properties of the receiver, coupling in the array, impedance matching etc.

· There is no baseline for the sensitivity performance of existing basestations today, since this depends very much on the antenna, cable losses, site configuration, band configuration and co-location situation.

· It is very important to ensure that any minimum requirement does not unnecessarily constrain implementations that are good for their intended purpose.

The last bullet, when combined with the others implies that to ensure that no implementation is constrained, then a minimum requirement will need to be based on the most pessimistic assumptions for all factors. For most implementations, the minimum will then be easy to pass and become meaningless. 

A requirement to meet a declared sensitivity will place a requirement on equipment to be able to directivity receive and demodulate a minimum signal over a defined range of angles of arrival and thus provide a meaningful system requirement.

In [7], it is proposed that the minimum requirement is based upon applying a normalization factor to a fixed value. The normalization factor is dependent on beamwidth.
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Figure 3: Beamwidth normalization approach extrapolates requirement from a “virtual” point within the architecture (That will differ between implementations)
As discussed above, it is preferable for the requirement to be based on EIS, and any such transformation to be understood as a means to derive the requirement applicable in a particular circumstance.
This approach has the advantage that it to some extent (but not completely) removes the relationship between the minimum EIS level and coverage area/directivity/beamwidth, by means of adjusting the EIS requirement dependent on the beamwidth. Such an approach could be useful to make a minimum requirement more generically applicable. However even if this transformation is applied, there are still many considerations that imply that there are likely to be variations in the requirement level between types of basestation:

· As discussed in [10], the transformation can incur some inaccuracy in respect to the real directivity that would be associated with a particular beamwidth; in particular for situations in which there is a large downtilt and beamforming would create a grating lobe [10].

· Beamwidth and coverage area are not exactly the same thing; thus normalizing based on beamwidth is not exactly the same as normalizing based on cell size.

· Potentially large differences between self-interference characteristics dependent on array geometry, bandwidth and band combinations remain
· For small beamwidths with large directivity, the sensitivity may become limited by the dynamic range of individual radios (due to a RX signal level much below the noise in individual radios). This effect would not occur for larger beamwidths. Therefore applying the same requirement basis for very narrow and large beamwidths may not be appropriate.

Thus even with the normalization, there will still be potentially large variations in level dependent on other factors and thus a minimum will need to be set for the worst case.

As an alternative to a transformation between beamwidth and requirement, a further conceivable approach would be a coarse description of basestation types and a coarse grouping of bands, together with an expectation of worst case directivity for each band and type. Such an approach would also not de-embed all variable factors in sensitivity, but would achieve a normalization with probably the same degree of accuracy as a transformation based approach.
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Figure 4: Visualisation of a BS type related normalisation
In conclusion, the usefulness of defining a minimum EIS requirement is not clear. If a minimum requirement is defined, it should be on EIS, although the EIS may be adapted dependent on beamwidth.
Declared EIS requirement

As captured in the previous way forward, even with a minimum requirement, since for many types of array the minimum requirement would not be relevant, the aim of ensuring that the basestation is capable of achieving a directional sensitivity in a known manner is achieved by also including a declaration of achieved EIS, with a requirement that the declaration is met.
3 Conclusion

The OTA sensitivity requirement should be EIS, although for medium range and local area basestations some further consideration may be given as to whether TRS may be more applicable. A “black box” type definition of EIS, as described in [8] is preferable. Directional field strength and power density is equivalent to EIS.

Even with a beamwidth related normalization, the benefit of a minimum requirement level is unclear. In any case, the requirement should be on EIS, with the potential to modify a minimum EIS based on beamwidth, and there should also be a declaration of EIS.
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