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1 Introduction

During RAN4#64bis, the topics of requirement definition point, the need to include the antenna element characteristics in requirements and testing were discussed. The results of this discussion was concensus on some of the issues:

· Requirements should be defined at a single point (however it is FFS where that point is)

· The requirement definition point may be different to the test point

· All forms of testing should be captured in the technical report

In this document, we aim to elaborate on remaining issues to consider in defining reference sensitivity requirements and what items need to be specifically resolved in a Work Item. The scope of the document is to consider how to set requirements and the requirement definition point, with the means of testing that the requirements are met left for the WI.
2 Discussion

As discussed in [1], it makes sense to define the reference sensitivty over the array as a whole. When defined over the whole array, the geographical location of the reference signal and the beamforming applied in the receiver strongly influence the sensitivity. Thus the reference sensitivity needs to be defined either in terms of some characteristics of the beam (e.g. at the point of maximum beamforming gain, or over some defined portion of the cell area), or a test mode is needed in which known beamforming characteristics are applied.

Two proposals for the definition point for the reference sensitivity requirement over the array as a whole have been made; the first is based on the signal at the antenna connectors and the second in the far field.
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Figure 1 Requirement definition point before (left) or after (right) antenna. (Note that the test procedure can be defined using OTA or conducted testing for either of these two requirement definition points)
Reference sensitivity could theoretically be viewed from an external system perspective in a similar manner to co-existence requirements. For co-existence, the existing simulations of [2] and [3] consider a reference deployment and interference levels that are likely to be experienced in such a deployment. In a similar manner, a reference deployment (probably worst case with a large cell size) could be modelled in order to estimate the minimum expected UE receive power and this figure could be used to drive the reference sensitivity requirement.
In practice, however the reference sensitivity is likely to be driven by the achievable noise figure in the transceiver. Currently, the reference sensitivity is defined at the antenna connector and if a future AAS requirement would be defined only by the capabilities of the electronics, then it would make sense to define an AAS requirement at this point.

However defining an AAS requirement at the antenna connector implies that the actual minimum UE receive power arriving at the basestation that can be received by the system will depend upon the antenna gain. For lower antenna gains than the reference, the requirement may be insufficient and for higher gain levels overdimensioned.
If on the other hand the requirement is defined in the far field, then the noise figure in the transceivers will vary depending on the antenna gain. This is a preferred option because a minimum requirement can be set to guarantee Node B performance in the far field, whilst flexibility is available with higher gain antennas between the transceiver performance and the ability to exceed the minimum requirements. Furthermore, a single requirement can be defined that does not need to be revised for different antenna systems. However if requirements are defined in this way, then they need to be set in such a manner that a low gain antenna will not cause an unrealistic noise requirement in the transceiver.

A means of deriving a requirement for reference sensitivity in the far field taking into account the achievable noise figure in the electronics can be employed as follows:
1. Decide on a reasonable figure for noise in the receiver

2. Decide on a reasonable worst case (i.e. lowest) antenna gain figure, taking into account the antenna element properties and beamforming gain

3. Combine the figures derived in (1) and (2) to obtain a minimum reference sensitivity requriement

In this manner, a minimum requirement for reference sensitivity in the far field could be defined. Networks could be planned on the basis that this requirement is achieved. Some basestations may be build with antenna systems and/or beamforming that exceeds that of the reference used for deriving the requirement. In this case, the Node B vendor would have the option to either exceed the minimum reference sensitivity requirement, or to relax the constraint on noise in the receiver.
3 Conclusion

The requirement for reference sensitivity should be defined in the far field. However it should be based on a RAN4 evaluation of a reasonable estimate for the noise figure of a reference receiver and the element and array gain of a reference antenna system. This requirement would then represent a minimum performance requirement on reference sensitivity. The means by which the reference noise figure, the reference antenna gain and an assumption n the beamforming gain should be derived should be decided in detail in a work item phase.
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