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1 Introduction
In RAN4#78bis a WF [1] was approved to focus on certain core requirements which should be further studied for this meeting.
The 1st bullet on the list was “Means for defining the power level of wanted/interfering signals for the RX requirements these were commented upon is a number of documents [2]

 REF _Ref450313019 \r \h 
[3] submitted to RAN4#78bis.

This paper further discusses the receiver sensitivity metrics.
2 Discussion

The current conducted receiver reference sensitivity requirement fulfills 2 purposes

1. It offers a minimum level of performance which the receiver provides

2. It provides a reference performance metric by which the interfering tests can be compared.

In addition in REL13 AAS a new OTA requirement has been introduced which provides a declared EIS and RoAoA over which that EIS can be achieved. Whilst there is no guaranteed minimum level of performance (as the vendor may declare whatever they wish) it none the less provides a known performance by which the AAS can be evaluated and also which can be used in deployment.

Whilst until now both receiver metrics have been incorporated in the same requirement and hence are often confused, it is entirely possible that when considering an OTA system then they could be separated.

2.1 Minimum performance

IN the system scenario documents for UTRA (3GPP TR 36.942)   and E-UTRA (3GPP TR 36.942) the BS RF performance is assumed to have a fixed Eb/No demodulating capability and a NF of 5dB. This is consistent with the calculations for receiver sensitivity.

For E-UTRA (eb/No=1dB)
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And for UTRA (eb/No=7dB)
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Most of the variables in the sensitivity calculation are fixed with the exception of the required Eb/No for demodulation and the noise figure.

It is entirely feasible that the same w parameters could be independently verified and offer with the same level of minimum performance as the existing specification.

2.1.1 Eb/No

This is a measure of the BS algorithms capability of extracting the wanted signal from the noise. Whilst it is done current at the system noise floor there is no reason why it could not be done at any power level provided the SNR of the signal was the same.

Current the decoded noise level is limited by the system noise floor and hence by testing Eb./No at a low power leve 2 things are done at the same time. However if a test signal of a fixed Eb/No at an appropriate power level were used the same could be achieved.

The advantage of this method is it does not require an absolute measurement of the receiver test signal input into the system and hence the gain of the AAS radiation pattern is not important.

2.1.2 Noise figure

The noise figure of the system depends on the internally generated noise from the receiver active electronics and the gain noise profile of the system, generally the critical parameters are the LNA noise figure and gain and any loss in front of the LNA.

Noise figure can be measured relatively simple using a hot/cold method which requires a device with a calibrated excess noise ratio. OTA it would also be necessary to calibrate the directivity of the beam so that the correct reference point could be identified at which the NF is characterized (the gain or loss of the antenna should not be included).

The conducted noise figure is of course the same whatever the antenna pattern, however it is necessary to know the antenna pattern so the antenna gain can be de-embedded, however once this is done it is possible to have a single NF requirement which does not change. The antenna gain is removed as part of the calibration rather than as part of eh specification. Also once the UL radiation pattern is known, This makes the measurement much more flexible and also provides much more useful information about the system. 

The nature of the throughput (or BER) quality metric and the pass fail nature of eh current sensitivity test make it very inflexible for OTA measurements.

It is also important that it will make it more likely that near field ranges can be effectively used for UL measurements which is something that could be very important as more requirements are OTA.

It should be noted however that if only the directivity of the antenna array and RDN are de-embedded then the conducted noise figure is not the same as that at the TAB connector as the implementation loss of the RDN and antenna array must be taken into account.

2.1.3 Radiated minimum performance

Whilst the Eb/No and NF measurements offer a simple OTA means of characterizing an equivalent parameter to the conducted sensitivity , which is not dependent on antenna gain, it may still be useful to have an overall system requirement which takes into around the AAS beam forming and diversity gain in the same way the current EIS requirement does.
There was much discussion in REL13 if the minimum level of performance offered by the conducted reference sensitivity could be included in the definition of the OTA EIS requirement. It is clear however that a minimum conducted level of performance when converted to an OTA EIS requirement must be dependent on the directivity of the radiation pattern and hence different EIS value would be expected at different directions from the BS.
In order to make a minimum requirement which may vary with the different implementations of antennas that may be used for and AAS it was suggested (although not adopted) in REL13 that the ISDD RoAoA declarations could be used to estimate an equivalent antenna directivity and this could be used to calculate a minimum IS value.

This is still a possibility, however it also seems likely that in an all OTA receiver requirement more measurements may be needed and it would not be unreasonable to specify the actual directivity is measured and used to calculate a minimum EIS value.

This issue requires further investigation, if no other receiver requirements require a full antenna pattern to be know, or indeed it proved an impossible task to identify what this pattern may be. Then using declarations to estimate and equivalent directivity is still seen as a workable approach.

2.1.4 Summary

2 possible methods have been discussed which could be used to provide a useful minimum performance metric for the OTA measurements. Either (or both) of them could be used to replace the minimum performance part of the existing conducted reference sensitivity requirement.

2.2 Reference point
Currently blocking test are carried out using a fixed blocking level and at the same time a test is carried out on a wanted signal to see if it can be demodulated to the required sensitivity level. In general the wanted signal is at a level of Refsens +6dB.

2.2.1 Blocking metric
A the wanted signal and the quality metrics used are the same as those as for reference sensitivity it can be seen that if the blocker raises the noise level in band by less than 6dB then the requirement will be met

For E-UTRA (eb/No=1dB)
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Having already tested the systems Eb/No capability and its noise figure in the minimum sensitivity test then it is not strictly necessary to do a demodulation test when testing the receiver blocking performance. 

It is enough to measure the in band noise power in the presence of the blocking signal.

This measurement needs to be referenced to the system input so would require a calibrated system, however it seems that that is necessary for the other OTA receiver measurements (EIS) so should not be a big problem.

It also must be ensured that the receiver is in a gain state that is appropriate for receiving a signal at refsens+6dB, but once again that should not be a big problem.

Once again the advantage of such an approach is that the measurement is of power rather than a quality metric, and hence is much more suitable for an OTA measurement when it may be necessary to measure the whole radiation pattern. As is discussed in a companion contribution on blocking [4]. It is not obvious at what direction the blocker should be placed, a simple method which can combine the antenna gain and the in-band effect of the blocker would enable a much more comprehensive OTA specification and test.

2.2.2 Variation with directivity

When discussing the minimum performance the conclusion was reached that it was reusable that the EIS varied with antenna gain. However the reference point for the interference tests si different. In [4] it was discussed that as the blocker level depends on the performance of the adjacent network then its OTA level is not affected by the victim system antenna again.

As long as a fixed conducted reference/minimum sensitivity level is used then this is of course the case.

However if the minimum sensitivity is used as a reference level and the minimum sensitivity varies with antenna gain (or RoAoA) then as the difficulty of the blocking requirement is based on the difference between the reference sensitivity and the blocker level, if the blocker level stays constant and the reference level changes the requirement is effectively varying with antenna gain which is not what is required.

Either a way to de-embed the blocking requirement for antenna gain (such as suggested above) or possible a worst case scenario (min or max antenna again ?) should be identified. In both cases the reference sensitivity for the blocking test will no longer be the same as the minimum sensitivity.
3 Summary
This paper has investigate the 2 goals of the conducted reference sensitivity requirement and how they should be applied to an all OTA requirement specification.

It is clear that it is necessary to separate the 2 requirements.

Minimum sensitivity requirements may be implemented by an adaptation  of the current EIS requirement or it can be further separated into a Eb/No test and a Noise figure test or possible both. The advantage of defining and measuring a NF requirement being that as a power level it is far more suited to OTA test methods.
Reference sensitivity is used for quantifying the effect of blockers on the receiver performance. It is suggested that this should not vary with antenna directivity/gain. It is further suggested that once again a power measurement approach may be preferable to the current demodulation metric for assessing the affect of the blocker. In conjunction with the Eb/No and NF ets suggested for the minimum sensitivity a blocker power in-band power measurement would fully characterize the system and be much more suitable for an OTA measurement.
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