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1 Introduction

RAN4 has during the past couple of meetings begun working on a new AAS WI, whose scope is to define OTA requirements corresponding to the current conducted requirements. At RAN4#78bis, a Way Forward was agreed that set an initial focus on a subset of requirements, including receiver blocking and IM requirements [1].
Currently, compliance to RX requirements is assessed based on meeting a BER or throughput criteria when a reference signal is applied at a reference level. Several contributions have suggested the possibility of using a basestation measurement of noise level (in some form) instead of the BER/throughput criteria [2-3]. The reasons for adopting a noise level measurement include:
· Simplification of definition of OTA requirements in which array/antenna directivities are unknown, as elaborated in [4]  (In fact, as outline in that contribution, BER/throughput criteria may be not feasible).

· Potentially reduced measurement time for acquiring noise levels as opposed to BER/throughput
· Looking to the future, removal of the need for developing new test models etc. for different bandwidth and RAT options.

Of these benefits, clearly the first one is more important to the current AAS WI, whilst the final one is relevant to NR. [4] discusses how it is not straightforward to apply a BER/throughput metric whilst defining a black box OTA test. Although NR is not within the scope of the AAS WI, clearly developing a requirement framework that is well suited to NR could be advantageous.

There are a number of important issues to consider before considering a new metric for the receiver requirements, however. These include:

· What needs to be written in specifications for a noise based RX requirement metric and how easy it is likely to be to agree on a specification
· How robust the use of such a metric is against inaccuracy of reporting or different interpretations of what should be measured and reported

· The impact of such a metric on measurement uncertainty

· The overhead of incorporating noise based RX reporting into a basestation vs the potential benefits

This contribution discusses the first two of these questions on what needs to be specified and on robustness. A companion contribution considers the impact of noise based RX measurements on measurement uncertainty [5].

Regarding the overhead vs potential benefits, we propose first of all to discuss and be clear on what is proposed and why it is needed, and then a cost/benefit analysis should be made in order to determine whether replacement of BER/throughput is indeed warranted.
2 Specification of a noise or SNR based RX measurement
[4] outlines two potential alternatives to reporting BER/throughput; reporting of total received noise or reporting of SNR.

If a noise based RX measurement or an SNR based RX measurement should be introduced, then at least two aspects may need to be captured in specifications:
· A definition of what is meant to be measured and reported by the basestation

· Requirements on the accuracy of the measurement and/or description of a procedure for verifying the accuracy and robustness of the measurement.

The measurement is needed for verifying compliance to other RX requirements. This is quite different to the existing basestation measurements defined in 36.214 and 25.215, which are defined for the purposes of RRM etc. Since the purpose is different, it would make sense to capture any definition within the RAN4 specifications rather than within the RAN1 measurement specifications. Further discussion would be required about a potential section of the specifications for capturing a measurement definition.

Capturing requirements on accuracy and robustness is discussed further in the next section of this document.

A measurement must be defined such that it captures desensitization of the receiver due to blocking or IM. Several potential measurement definitions could be considered, such as:

· Measurement of total RX power within the tested carrier bandwidth

· Estimation of noise or SNR based on measurement on UL reference symbols
The measurements should be able to be made by all types of receivers. However depending on which type of measurement is captured, it may or may not be possible for the BS to calculate any potential gains from baseband combining. For example, total RX power would need to be summed or averaged across receivers, whereas SINR on reference symbols could capture combining gain, since the impact of a baseband algorithm such as MRC, ZF, MMSE etc. on SINR could be directly calculated. For RX blocking, since blocking impacts individual radios gains from baseband combining may anyhow be limited.

Some consideration could be given to the measurements defined in the RAN1 specifications, which are copied into the appendix of this document. In particular, the “Thermal Noise” measurement is basically similar to a total RX power measurement across the carrier. Aligning the measurement defined in the RAN4 specifications for conformance testing to that defined in the RAN1 specifications might enable some re-use of functionality within the basestation.

An interesting consideration is the amount of detail that actually needs to be captured in the specifications and how much of the proposed measurement can be left for vendor interpretation. One approach would be to strictly describe and standardize the RX measurement such that it would be interpretable unambiguously and in the same manner by all vendors. This would require a rigorous standardization and potentially an extensive discussion. Apart from the definition of the measurement itself, other aspects might need to be considered such as whether baseband combining would be captured or not.
An alternative option would be to specify the definition of the measurement only loosely, but instead specify requirements and a verification procedure for the measurement (That is to say, a verification that the reported measurement can reliably show a PASS where the blocking requirement is met and a FAIL where the blocking requirement is not met).. As long as the verification procedure would be fulfilled, the vendor could perform a measurement in his own proprietary manner. For example, one vendor could calculate total receive power on the measured carrier, whereas another could report RX SINR. The approach would also leave it for vendor choice whether to incorporate baseband combining into the reporting or not.
It should be noted that the two approaches are not necessarily mutually exclusive; it could be possible to explicitly specify the measurement and also specify a verification procedure.

Observations:

· Any eNodeB report for demonstrating requirements compliance is better captured in a RAN4 specification rather than 36.214

· eNodeB reporting of total power or SNR should be defined in a manner that causes minimum additional implementation complexity

· Further discussion is needed as to whether a stringent specification of the report is really necessary

· An alternative is to specify a robust procedure for verifying that the report can be used to verify receiver power changes within the receiver without specifying exactly what is reported.
3 Verification of correct operation of RX measurement reporting
Section 2 discusses what is needed for specification of a new metric to replace BER/BLER and concludes that if an appropriate verification procedure can be identified to ensure that the reported metric enables a pass/fail criterion to be evaluated consistently between different BS then there may be no need to specify the reported metric directly.
Currently, the RX blocking and intermodulation requirements are defined such that a 6dB rise in receiver noise level is allowable when the receiver is subjected to the interferer. Verification is performed by means of applying a test model and measuring BER or throughput.
Some ideas for total power or RX SINR based assessment of blocking/RX IM compliance are outlined in [4]. The proposed measurements and calculations compare measured signal levels. Thus, absolute accuracy of the measurements are not important, but relative accuracy is.

In order for an SINR or power measurement to be used for assessing compliance to a blocking or IM requirement, it must be demonstrated that the measurement is capable of reporting relative increases in receiver noise power with a reasonable relative accuracy. A simple means to achieve this is to apply a verification test in which a wanted signal is applied with the same level used during real testing, and an interferer signal is applied to the receive carrier. The interfering signal can be varied from zero to the level at which requirement compliance would fail (i.e. 4.77dB greater than the reference signal level).
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A flowchart for a verification procedure is depicted below.
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An interesting aspect of this verification procedure is that as long as the vendor describes how the reported metric is assessed for pass/fail and the verification procedure passes, it is unimportant that the specification describes exactly what is reported.

Observation: Some consideration may be given as to whether it is necessary to specify a metric for the receiver requirements at all, or to leave the reported metric for vendor definition, assuming a verification procedure is available that ensures that the pass/fail criteria function correctly.
4 Conclusion

This contribution has considered briefly standardization aspects of a eNode B report for assessing compliance to receiver requirements such as RX blocking and RX intermodulation. Potentially, total received power or SNR could be reported. Specification of the reported metric should be in the RAN4 specifications, not 36.214.
A verification procedure is required to ensure that the metric reporting enables accurate assessment of pass/fail criteria for the receiver requirement. In the extreme case, as long as the verification procedure is robust it may be sufficient to not specify any metric at all, but simply specify the verification procedure and leave it for the vendor to devise a suitable metric and assessment criterion.
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