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1 Introduction

During RAN4#78bis we discussed the difference between the need for a minimum sensitivity requirement that places a minimum requirement on the noise figure of the receiver itself and a reference sensitivity, which acts as a base upon which receiver requirements can be specified. When specifying OTA requirements, it is useful at least in the first stages to separate discussions on what is a suitable requirement for the noise figure (and other OTA sensitivity effects) and how to set the other requirements such as blocking etc.
This paper elaborates some further considerations on reference sensitivity and how it might be defined.
2 Discussion

As discussed in [1], in the conducted specifications the receiver blocking and IM requirements are specified by means of fixed interferer levels and a fixed wanted signal that is 6dB above the reference sensitivity. By specifying the requirement in this manner, a fixed requirement on rejection of a blocker signal (or linearity) is established that can be verified by means of a BLER measurement similar to sensitivity. The requirements allow noise to be introduced into the receiver that is no more than the reference level +4.77dB (in dBm). It is important to understand that the purpose of the reference sensitivity level in this context is not to capture the noise figure performance of the receiver, but to act as a basis to characterize the noise figure increase due to blocking / PA nonlinearity etc. by means of a BLER measurement. Although it does not do so, in principle the conducted specification could set a minimum sensitivity level that is lower than the reference sensitivity level.
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[1] considered some principles behind setting reference sensitivity and minimum sensitivity for the OTA requirements. The way in which the reference sensitivity value is defined will depend to some extent on how the blocking and TX IM requirements are defined. However the document concluded that, since the OTA blocking level should be fixed and independent of the basestation implementation and the blocking requirement should be based on a fixed dB rejection of the blocking signal, then the reference sensitivity will also need to be fixed.

During the discussion, there was mention of the fact that the current OTA sensitivity requirement is declared, and that it might be considered to define a declared reference sensitivity. A declared reference sensitivity would in effect lead to declared blocking and IM rejection, which would be undesirable as the objective of the WI to achieve the same degree of performance and protection would not necessarily be achieved. Furthermore, linking the blocking and IM requirements on a receiver to a declaration of its noise figure performance is not desirable as the two should be designed independently.
The need to describe reference sensitivity as a sensitivity level

The conducted requirements specifications set a requirement on meeting a reference sensitivity level. The reference sensitivity is directly referred to for the receiver blocking and IM requirements, which set a wanted signal level at REFSENS+6dB. An alternative approach for the OTA requirements would be to remove references to reference sensitivity, and simply describe the blocking and wanted signal levels in dBm. This approach could be helpful in removing future confusion with regard to minimum sensitivity performance and a reference level.
Disparity between array sensitivity and individual receiver performance

The OTA sensitivity requirement is defined as a combined sensitivity of the array. Presumably the BLER on the wanted signal applied during a blocking or RX IM test would also be based on array combining of the wanted signal. The blocking and IM effects themselves, however occur in individual receivers and the additional receiver distortion may not experience combining gain. Thus there is some disparity between the means for measuring the noise improvement, which includes array combining and the mechanism by which the receiver noise increases, which does not. Whether this disparity is of importance may need some further consideration.
Variations in array gain and meeting the reference sensitivity level

For the receiver requirements to work correctly, there is a need for the receiver to achieve the prescribed BLER target at the reference sensitivity level. If the BLER would not be met, then the receiver internal noise level would be higher than expected and it may also be not possible to meet the blocking and IM requirements, even if the rejection of the blocking/IM is within the required range.
For conducted requirements, it is reasonable to expect that all receivers should meet reference sensitivity. For OTA requirements, if a fixed sensitivity level is set then there will be a need to make an assumption about the array gain at the time at which the sensitivity level is set. If a basestation under test has an array that provides the same or better array performance as was assumed when the reference sensitivity was fixed, then the blocking and IM requirements would function in the same manner as in the conducted case. However if for some reason a basestation would have substantially lower array gain (which might legitimately be the case; it could have a smaller array size) then it might not be possible for the array to achieve the 95% throughput level at the fixed reference sensitivity. Failure to achieve the throughput level would not necessarily be an indication that the noise level in the receiver would be unsatisfactory, it would rather be a result of a deliberately designed smaller array.
The issues with regard to meeting the reference sensitivity may be addressed in a straightforward manner by setting the reference sensitivity per BS class. It is probably reasonable to expect that the variation in array gain between BS of the same class will not be large, and so all BS of a particular class will be able to meet the BLER target at the sensitivity level.
Another potential solution that allows a fixed reference level and mitigates the need to make an assumption on the array gain when setting the reference sensitivity could be based on the BS reporting received total wideband power (RTWP) instead of BLER. A potential procedure for measuring blocking response could be as follows:
1. Report RTWP with no signal applied to the  BS; this is termed RTWPRX
2. Apply a signal at the reference sensitivity level to the BS (with orthogonal polarizations both active at once) and report the RTWP; this is termed RTWPRX+wanted
· The reference sensitivity level will be a fixed dBm level that is offset from the fixed OTA blocking level

3. Calculate the linear difference between the RTWP levels (in W) reported in steps 2 and 1. This difference is termed RTWPwanted
4. Convert RTWPwanted to dB and add 4.77dB. The new RTWP level is termed RTWPblocking_requirement
5. Apply the blocking signal (but no wanted signal) (with orthogonal polarizations both active at once) and report the RTWP. This is termed RTWPRX+blocking_measured
6. Calculate the linear difference between RTWPRX+blocking_measured and RTWPRX. This difference is rermed RTWPblocking_measured
7. The requirement is then met if RTWPblocking_measured <= RTWPblocking_requirement
Step (1) captures the noise/interference level of the basestation. Step (2) captures a reported RTWP when a wanted signal is applied. The RTWP is a mixture of both the interference/noise calculated in step 1 and the additional received power from the wanted signal. Step (3) calculates the received power seen in the receiver from the wanted signal only. Step (4) calculates the amount of power that is allowed to be observed in the receiver due to the blocking signal. Step (5) measures the received power when the blocking signal is received. This measured power will contain both power due to the blocking signal and the receiver interference and noise. Step 6 removes the receiver interference and noise, such that the power observed in the receiver from the blocking signal is known. This enables in step (7) the receiver power experienced due to the blocker to be compared to the requirement.
The above procedure brings some advantages compared to the conducted method that relies on BER/BLER:

· There is no need to rely on any assumed array gain when setting the reference  sensitivity level

· There is no need to measure BER/BLER, which may be more time consuming

· There is no need to apply the wanted signal and the blocking signal simultaneously. Not needing to apply the two signals simultaneously could significantly simplify test procedures if the blocking and wanted signals would need to be spatially separated.
Some potential disadvantages of the procedure would need further study, however:

· The procedure relies on the BS to report RTWP. This requires additional test functionality, and the RTWP reporting would need some kind of checking/calibration procedure in the specifications

· The RTWP reporting would potentially introduce additional sources of measurement uncertainty that would need further investigation
· The procedure does not capture any kind of array combining effects

· Whether this is an advantage or disadvantage needs further discussion

Potentially combining effects could be captured with some further refinement of the above concept; for example the transmitted wanted signal could include a reference signal such that the BS could perform channel estimation, apply combining and then instead of reporting RTWP report a post receiver SINR level.
3 Conclusion

This contribution has considered some further aspects relating to reference sensitivity. The most straightforward means to set a reference sensitivity requirement is to set the requirement relative to the OTA blocking level. Potentially, the term reference sensitivity could be removed from the specifications and a fixed wanted signal level set for the blocking and RX IM requirements. The approach would work as long as the BS would always have sufficient array gain to meet the BLER requirement given a wanted signal at the reference level.

An alternative approach based on reporting RTWP or alternatively some post receiver SINR level rather than BLER is outlined. The approach has the advantage that there is no reliance on meeting a throughput level and also that the wanted and blocker signals do not need to be transmitted simultaneously, which could significantly simplify the test procedure. However before adopting such an approach some further consideration is required to ensure that the approach would be robust and not significantly increase the measurement uncertainty.
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