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1 Introduction

At RAN4#76bis, specification text for both the OTA sensitivity requirement and the conducted sensitivity requirement was agreed. There was also some discussion and speculation about the usefulness and ability to link conducted and OTA sensitivity. Furthermore, in previous meetings there has been discussion about a minimum declaration for OTA sensitivity.
This document provides an overview of the differences between different sensitivity levels and the usage of different types of requirement on sensitivity. The overview should prove useful in concluding on what is needed for this and future releases.
2 Discussion

OTA and conducted sensitivity

Conducted sensitivity is measured at the TAB connector of a single radio. The requirement is stated as a minimum level with which a specified FRC should be received with 95% throughput. The requirement essentially captures 3 aspects of radio behavior:

· That the analogue radio components and ADC are able to perform small signal processing with an acceptably low distortion

· That the noise floor of the radio is acceptable

· The demodulation performance of the baseband (with 1RX) is also captured

It is important to note that these three basic aspects of performance are present in all types of transceiver implementation options, and for the same BS class, there is no reason to expect that different types of transceiver implementation architecture would have inherent differences that should be subjected to different requirements. (As noted in the TR though, different array architectures could imply potentially different requirement levels for conducted sensitivity).
OTA sensitivity captures BS system behavior, including all radios and the antennas. The requirement captures the following aspects of system behavior:

· The individual radio characteristics that are also captured by conducted sensitivity

· The efficiency of the basestation in receiving incoming radiated signals (i.e. impedance matching etc.)

· Aspects of array design that impact instantaneous directivity (i.e. scan loss, scan blindness, coupling etc.)

· For FDD, self-interference from the transmitter due to e.g. passive intermodulations

· For TDD, self-interference from the transmitter OFF power level

· Any EM interference that is captured in the antenna array

· Combining in the transceiver unit array and in baseband

From this list, it is apparent that OTA sensitivity captures the effects that impact conducted sensitivity, but also many more effects.

Types of sensitivity

When discussing sensitivity, it is important to take into consideration that there are different types of sensitivity level. In particular, it is important to differentiate between the actual sensitivity level of a system, an expected minimum sensitivity level and a reference sensitivity level.

Reference sensitivity
A reference sensitivity level has been defined for the conducted requirements. The reference sensitivity is an important component of other receiver requirements, such as blocking, RX intermodulation etc. For each of these receiver requirements, interferers at a standardized absolute power level are applied to the receiver along with a wanted signal at 6dB above the reference sensitivity level. The requirement is that a BLER target is met on the wanted signal. In effect, these requirements imply that the radio must be designed such that the interferer is rejected sufficiently that the receiver noise level does not increase to more than 6dB above reference sensitivity. By means of considering the absolute interferer level and the absolute reference sensitivity level, a required amount of selectivity to the interferers in dB can be calculated.
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It is very important to understand that the requirements are set with a wanted signal level based on reference sensitivity, not the actual sensitivity of the receiver. If the requirement would be set based on the actual sensitivity of the receiver, then the required selectivity against interferers would no longer be fixed, but would depend on the achieved sensitivity.

For the Release 13 AAS specification, there is no need for an OTA reference sensitivity as there are no other OTA receiver requirements. In a future release, if OTA receiver requirements are set, then a reference sensitivity is likely to be needed. Further discussions will be needed around that time relating to the basic concepts of the OTA requirement. Blocker or other interferer levels should probably be set as absolute power levels without consideration to the antenna aperture of the AAS, since they arise from other systems that have no knowledge of the AAS. There have been proposals for minimum sensitivity(ies) that the OTA minimum sensitivity level should depend on the coverage area(s) of the AAS. However it is not clear whether a reference sensitivity should also vary depending on the coverage area(s), since depending on the type of RDN and combining in the AAS, that could imply a variable requirement on selectivity to the interferers.

In any case, discussions on OTA reference sensitivity are not needed for release 13. However what is needed for release 13 is to avoid setting a framework that is mis-perceived as being a reference sensitivity (without proper analysis) or would lead to problems if a separate and independent reference sensitivity is set in a future release.

Minimum declarable sensitivity

A minimum declarable sensitivity should not be confused with a reference sensitivity, as described above. For conducted requirements, it is generally accepted that the reference sensitivity is also seen as a minimum sensitivity. For AAS, however further consideration is needed on the implications of RX combining on the definition of both types of quantity. Furthermore, care should be taken about the concept of linking a minimum OTA sensitivity with a reference  conducted level.

It has been proposed in the past that a minimum declared sensitivity should vary depending on the envisaged “coverage area(s)” / “beamwidth(s)”. The underlying concept is that a sensitivity level is linked to an “area” (“area” could be a beamwidth or a ground coverage area depending on the exact concept) over which sensitivity is provided. 

Such an approach is tempting and has some merits. Some care is needed to consider what is actually important; for example when existing site grids are re-used, then sufficient sensitivity to maintain an ISD needs to be provided regardless of whether the “coverage area” (which might include more than a single cell for an AAS) is different compared to a non AAS solution.

Further considerations are also needed as to how to understand the “beamwidth/coverage area” in the proposal in the context of the RoAoA and redirection range in the OTA sensitivity requirement. It should be noted that a sensitivity RoAoA can potentially be much larger than the planned coverage area of any individual cell, in particular if cell splitting is applicable to the AAS. 
Setting a minimum sensitivity with a scaling without considering how reference sensitivity (for which it may not be appropriate to apply scaling) could work may contain some dangers; clearly minimum sensitivity should never end up being greater than reference sensitivity.
Actual sensitivity
The OTA sensitivity requirement necessitates declaration of a minimum sensitivity level for the AAS. The declaration may not be the same as (but will certainly not be above) actual sensitivity, however in reality the declared and actual achievable sensitivity are likely to be very similar.

In the Release 13 specifications, conducted reference sensitivity is still applicable. It will thus not be possible achieve an actual sensitivity which is so poor that it would imply not meeting the conducted reference sensitivity requirement. Due to this constraint, the specification already implies a link between the radiated and conducted reference sensitivity levels. The link will take into account all of the factors described above, but these do not need to be described in the specification.
3 Conclusion

Section 2 has described some of the key differences between conducted sensitivity and OTA sensitivity and between reference, minimum and actual sensitivity.

It is envisaged that to facilitate building of high performance and competitive arrays in the future, eventually an OTA reference sensitivity and OTA requirements on other parameters will be needed. However this is not a topic for release 13.

In the current release, a conducted reference sensitivity is applicable. The conducted reference sensitivity is generally accepted to also be the minimum acceptable conducted sensitivity. AAS basestations must continue to achieve this requirement.

If receiver requirements would be done all OTA, then clearly a reference OTA sensitivity would be needed. Detailed consideration is needed as to whether the concept and requirement levels for minimum and reference OTA sensitivity would coincide or not.

Since this release does involve a reference sensitivity, it is preferable to consider both minimum and reference OTA sensitivity together when working on an overall OTA requirements concept in the future to ensure a consistent solution rather than to set a minimum value now with an absence of a detailed analysis of what should be a reference value and whether it should scale or not.
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