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1 Introduction

During previous discussions, it was agreed that OTA sensitivity will be specified based on the combination of all receivers (as captured in section 7.2.1 of the TR). At RAN4#75, there was some discussion as to whether there is a need to declare what kind of combining is being performed. This contribution discusses the types of combining that a basestation may perform and concludes that for BS type approval, there is no need to consider how and where combining is performed. 
2 Discussion
A generic AAS basestation may operate with multiple receiving antenna elements and perform combining. Combining may be performed at one or more places within the basestation architecture:

· Analogue combining may be performed within the RDN

· Combining may be performed within the RF subsystem in the digital domain
· Combining may be performed in baseband

It is unlikely that analogue combining or digital combining within the radio will be adaptive for specific UEs. On the other hand, typically baseband combining will apply some kind of adaptive processing such as MRC, MMSE, MMSE-IRC etc.

It is likely that in many basestation architectures, combining will not be at a single point but at several points within the architecture.

The combining gain will depend on a number of factors such as the positions within the architecture at which combining is performed, the combining algorithm and whether the combining is aiming only to maximize RX power at the UE or is also e.g. aiming to mitigate interferers.

Furthermore, the combining gain at RX sensitivity level could quite easily differ from the combining gain in situations in which the noise+interference and/or wanted signal are well above sensitivity. As an example, consider a system with a very large number of receivers; e.g. 100, all of which are available to a baseband that performs MRC combining. Although the baseband could in theory obtain a combining gain of 20dB, it is not clear that each individual receiver could operate linearly with an input signal received at 20dB lower than the sensitivity level. The difference between small and large signal handling capabilities of the RF are likely to mean that signal levels at individual receivers are not 10log(n) scaled versions of signal levels for combined sensitivity.
In general, the relationship between combined OTA sensitivity and OTA sensitivity at each baseband port is implementation dependent. For the system as a whole, it is important and useful to characterize the combined sensitivity.

An additional consideration is that the impact on antenna performance of coupling between antennas is not captured by individual per baseband port requirements, but is by combined sensitivity.

For these reasons, and since the OTA is aiming for an implementation independent system level requirement, it was decided to specify the OTA sensitivity based on combination of all active receivers.

Observation 1: The agreed combined OTA sensitivity provides an implementation independent requirement that captures the sensitivity of the system as a whole.
A question arose at RAN4#75 as to whether there is a need to declare or specify anything relating to the type of combining in the AAS. The type of combining can impact the eventual SINR and throughput experienced by baseband, and thus systems with different types of combining but otherwise similar arrays could give rise to different OTA sensitivity levels.
It has already been agreed that the OTA sensitivity requirement will be based on meeting a declared sensitivity (potentially including a minimum declaration). Thus any variability in sensitivity performance due to different combining strategies will be handled by differing declared sensitivity levels. There would be no need to declare what type of combining is carried out and where; the core requirement to meet the declared sensitivity level and the test procedures and tolerance would be identical. Even in the event that there would be a minimum declarable sensitivity level, this minimum would presumably be applicable independently of the type of combining.

Observation 2: There is no need to declare what type of combining is being performed and where as part of the declarations relating to the OTA sensitivity requirement

3 Conclusion

It was agreed to apply OTA sensitivity to the combined sensitivity over all receivers in order to make the OTA sensitivity requirement a system requirement that does not depend on or require a declaration of implementation details.

The type of combining is an implementation aspect that could impact the declared sensitivity, but does not impact the core requirement description or the conformance test procedure. 
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