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1 Introduction

During previous RAN4 meetings, the possibility of applying an alternative metric to throughput as a means for establishing pass/fail of the blocking requirement has been discussed. Potential advantages of an alternative metric such as receive power or receive SNR reported from the receiver are that the requirement can be designed to be independent of module construction and gain [1], and that the requirement can be made more future proof for NR applications as it does not require bandwidth and RAT specific test models.
[1] from the previous meeting provided an overview of potential metrics. [2] suggested that the metric reported from the receiver may not need to be tightly standardized. [3] examined the impact of relative uncertainty on the likelihood of false pass/fail results for the blocking test.
During the discussions, a question was raised about how the measurement uncertainty of the basestation could be ensured. Since the basestation is apparently performing a role often assumed by test gear, for which measurement uncertainty is well characterized, this is an important question that must be investigated carefully.

This document provides some further considerations on measurement uncertainty and means to assess and reduce measurement uncertainty.
2 Discussion

From a superficial level, if the basestation reports a receive power level or SNR level in order to demonstrate pass/fail to blocking and other receiver requirements, it appears to be performing a measurement role traditionally undertaken by test gear. The measurement uncertainty provided by test gear is typically characterized and guaranteed in a robust manner to an extent that exceeds the characterization that would be feasible with a basestation. Test gear design and validation is quite different to basestation design and new requirement metrics should not place the same criteria on basestations as on testgear.
Closer inspection of the needs for receiver compliance assessment however can lead to the conclusion that the measurement uncertainty and tolerance requirements needed for receiver compliance assessment are not the same as for testgear in general. With the existing blocking requirement, the basestation measures throughput. Thus if RX power or SINR are used then the basestation is not taking the place of test equipment; the basestation is used in the same manner as in the traditional blocking metric, but the reported metric differs.
Firstly, it is worthwhile to compare the functionality within the basestation needed for an RX power or SINR based requirement compliance compared to throughput. Figure 1 provides an overview of the basestation functionality in each case. For a throughput based metric, an OTA signal is received through the antenna array, processed by components of the receiver chain and then passed to baseband where processing such as channel estimation, demodulation and FEC decoding are carried out. The throughput is then reported from baseband. For an RX power or SNR based estimation, the OTA signal is received at the antenna array, processed by components of the receiver chain and then passed to baseband, where a power or SINR estimation are made. The functionality used in estimating power or SNR are implementation dependent and hence their similarity to the throughput functionality is difficult to predict.
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From the figure, it can be observed that for both a throughput based metric and a power/SNR based metric, uncertainties associated with variations of the antenna and RF processing are common. (Variations of the antenna and RF processing cause uncertainty as to whether a difference in reported throughput/SINR/power level between basestations is due to differing blocking performance or variation in some other aspect of RF performance).
Observation 1: For all types of conformance assessment, uncertainties associated with variations of the antenna and RF processing are common.

For the SNR based estimation, it may be reasonable to expect that functionality needed to estimate SNR on a wanted signal will have some commonality with functionality needed to estimate throughput. Thus the SNR based estimate may have a more similar uncertainty to the throughput based method than raw power based estimation.

Assessing compliance based on measuring RX power involves a relative comparison of power levels with a reference signal and with a blocker, as illustrated in equation 1.
( Mwantedapplied - Mnosignal  ) / (Mblockerapplied - Mnosignal )

(1)
Where:

Mnosignal = Pnoise,RX




measured power with no signal applied


Mwantedapplied = Pwanted,OTA/G + Pnoise,RX

measured power with wanted signal applied


Mblockerapplied = Pblocker,OTA/G + Pnoise,RX

measured power with blocker applied



For an SNR based metric, the comparison is between SNR estimations with and without a blocking signal present
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Where:
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measured SNR when no blocker applied
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See [1] for a more detailed comparison of the methods. 

In both cases, it is important to note that the metric is based on a relative comparison of power or SNR levels, not an absolute assessment. Thus the absolute accuracy of measuring power in the basestation is not of importance.

Observation 2: The absolute accuracy of the BS in measuring power is not of importance. What is of interest is the relative uncertainty between consecutive power measurements (at different levels)

In [3], some estimations of actual power levels were made. Due to the presence of internal receiver noise as well as the wanted signal, the difference in measurement levels with and without blocking is relatively small; within 10 dB in the examples. The fact that fairly similar power levels are measured should tend to reduce relative uncertainties in power and SINR estimation.
Observation 3: The fact that fairly similar power levels are measured should tend to reduce relative uncertainties in power and SINR estimation.

In [2], it was suggested that the reporting and pass/fail criterion could be validated by inputting in-band signals at the reference level and also at several levels below and above the rise in in-band power that is allowed in the blocking condition. The result should obviously be a pass if the additional input power is below the in-band power increase due to blocking or above if the additional power is greater than the in-band power allowed due to blocking.

The validation could be extended to an uncertainty estimate by means of repeating the power/SNR measurements and assessment multiple times. A variation of the reported result could be plotted in order to calculate a statistical uncertainty.

Observation 4: The validation procedure for ensuring that the power/SNR reporting operates correctly could be operated multiple times in order to calculate a statistical uncertainty.

In case of a systematic error in relative power or SNR estimation being observed in step 4, the error could obviously be compensated. For random uncertainties, according to the central limit theorem, the uncertainty of the blocking estimation could be further reduced by carrying out the blocking test multiple times. Obviously this would increase measurement time and thus the scope for multiple measurement would be limited by test considerations.
Observation 5: The uncertainty associated with blocking compliance assessment could be further reduced by carrying out the assessment multiple times.
3 Conclusion

The contribution outlines how the different in basestation related compliance uncertainty when using reported power or SINR compared to reported throughput will potentially differ due to any uncertainties in baseband processing, but uncertainties associated with variations in RF (which are likely to be more significant) are common.
The important uncertainty is the relative variation of measured power between measurements, not the absolute power measurement.

Uncertainty may be assessed by validation multiple times in order to characterize uncertainty.

[3] demonstrated that relative uncertainties of around 0.25dB in power or SINR estimation are general acceptable to provide a low overall measurement uncertainty. Considering that the uncertainty difference to the existing method is only in baseband and that the uncertainty is relative, achieving a reasonable uncertainty in power or SINR estimation is expected to be feasible and the uncertainty straightforward to characterize.
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