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1 Introduction

During RAN4#84, work progressed in regard to both eAAS receiver blocking requriements and range 2 blocking requirements for NR. For eAAS, a concept for deriving OTA blocking requirements based on conducted levels has been discussed extensively. Although agreement has not as yet been reached, the options are known and a decision is likely in October.

During the discussions, it was pointed out that the eAAS solution might possibly be applicable for range 2, if “conducted” requirement levels can be derived for range 2. This document considers the differences between range 1 and range 2 and whether following the eAAS approach would be merited. The “two level” eAAS approach is considered in this contribution.
2 Brief outline of eAAS approach for blocking
In this section, the two level eAAS approach is briefly outlined, and the motivations for the approach are listed.

For eAAS, a conducted blocking level and a wanted signal level have been established during previous work and form the basis of the conducted requirements. For OTA requirements, it is assumed that the conducted absolute levels will continue to be experienced in the radio receivers regardless of the antenna architecture.

In order to enable straightforward testability, it has been agreed that the test will be based on a wanted signal and blocking signal being transmitted towards the basestation under test from the same direction. The aim of the test is not to re-create real OTA conditions (under real conditions, most likely the blocking and wanted signal would come from different directions), but rather to test the receiver electronics with the same signal levels as the conducted test.
A challenge faced when setting OTA requirements for eAAS is that multiple antenna architectures are possible. These may range from architectures in which most of the combining of signals received from multiple antenna elements is passive and applies before the receiver to architectures in which each antenna element is linked directly to an analogue RF front end and the combining is active. It should be noted though that so-called analogue beamforming, in which analogue techniques are used to adjust the phase between antenna elements is not expected to be implemented for range 1;  passive combining is assumed to be fixed.
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To ensure that the levels experienced within the radio electronics are correct, the gain of the antenna elements or passive sub-arrays are indirectly declared. The details of the declaration, based on a 3dB contour are elaborated further in eAAS documentation.
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Using the declaration, OTA levels can be determined based on conducted levels. With this method, the requirement validates that the receiver is capable of processing the absolute signal levels and to some extent the blocking selectivity. However, the declaration does not take account of combining gains in the baseband, which will in effect increase the received levels in comparison to the noise floor. The effect of the baseband combining will be to relax somewhat the impact of the blocking requirement on the needed selectivity in the receiver.
To overcome the above mentioned drawback of the blocking requirement, a further requirement is introduced in which the wanted signal level is based on the declared minimum sensitivity, which includes baseband combining. The blocking level for the further requirement is set such that the ratio of blocking to wanted signal is the same as in the first requirement. This is important because the wanted signal to blocking ratio relates to the probability of a blocking event, which does not change as a result of introducing a second requirement.
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The second requirement does not verify that the receiver is capable of processing the correct absolute signal levels. However, it is a better test of the selectivity of the receiver.
3 Range 2 blocking requirement
A WF was agreed at RAN4#84 in regard to deriving the range 2 blocking requirement [1]. Two options are proposed for the simulation methodology; the first involves simulating the blocking level only and the second the joint blocking and wanted signal probability. Either way, the result of the simulations is to be a “conducted” level. Clearly the range 2 requirement cannot be conducted, and thus a methodology for setting an OTA test based on the conducted requirement is needed.

It is important to note that the simulations themselves take into account aspects such as spatial differences between wanted signal and blocking signal, antenna selectivity etc. Thus, the conducted levels relate to levels that are expected to be received within the receivers with a 1% probability taking into account all spatial selectivity and diversity effects. There are some differences in the conducted levels depending on whether fully analogue or fully digital beamforming is assumed. Hopefully it may be possible with some skill to decide on a single “conducted” level taking into account the results for both types of architecture.
Having decided on a conducted level based on a model taking into account spatial directions of the received signals and antenna suppression, the task in setting an OTA requirement is then to set OTA levels that will enable the conducted level to be recreated inside the radio in a straightforward manner during the test, as opposed to modelling any real-life situation. Testing is straightforward if both blocking and wanted signals are transmitted from the same directions, and from the point of view of the basestation testing is performed in boresight and possibly a small number of other directions.
In order to re-create the conducted requirement, there is a need to establish the antenna gain between each receiver and the radiated interface. Based on this gain, the OTA level can then be set such that the correct levels are tested inside the receivers.
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Similarly to eAAS, the gain between the receiver and the radiated interface will depend on the amount of passive combining. Setting a single OTA level for the requirement would lead to the requirement being potentially overdimensioned for arrays in which passive combining is present or underdimensioned for arrays in which the combining is predominantly in the digital domain. At first glance, this issue could be overcome using the same approach as agreed for eAAS; i.e. indirect declaration of the element/module gain based on a 3dB RoAoA. However, for mm wave, hardware architectures in which analogue beamforming is performed are much more likely than in range 1, and the impact of the RoAoA based approach 
The 3dB RoAoA corresponds to the contour of the angles at which the sensitivity is 3dB lower than in the reference direction. The array performs active combining in order to achieve sensitivity. For an entirely digital beamforming array, a beam is always pointed towards an angle of arrival. The beam directivity is impacted by the element pattern and thus the 3dB point of the sensitivity corresponds to the 3dB point of the element pattern. For an entirely passive array, the beam does not adapt and thus the 3dB point of the sensitivity corresponds to the 3dB point of the passive beam. In both cases, the 3dB RoAoA will correspond to the beamwidth seen by each individual receiver.
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If analogue beamforming is implemented, then the beam is capable of adapting direction depending on the RoAoA. Thus, analogue beamforming is likely to lead to a 3dB RoAoA relating to the element or sub-array patterns and not the total beamforming pattern. The gain calculated from the 3dB RoAoA would then correspond to the element or sub-array gain. Depending on the architecture of the analogue beamforming, applying element or sub-array gain to calculate an OTA signal level for the test may lead to an overdimensioned OTA level for the receiver, which would experience array gain.
Observation 1: The 3dB RoAoA methodology for OTA REFSENS under discussion for eAAS may need some adaptation in range 2 to take into account the possibility of analogue beamforming architectures.

Assuming that in some way the RoAoA methodology is adapted and the OTA REFSENS approach can be reused for range 2 in a similar manner to eAAS, then it is important that the “conducted” levels determined by means of simulations sensitivity and blocking levels experienced at the input to each receiver, not including any combining. The reason for this is that the OTA REFSENSE RoAoA based requirement is intended to ensure the correct absolute input signal levels to receivers.
Observation 2: If the OTA REFSENS approach to setting the blocking level is reused in a similar manner to eAAS, then it is important that the “conducted” levels decided from the simulations are those experienced at the input of each receiver, not after combining.

To take account of combining, for eAAS, it is proposed to introduce a second requirement for blocking, which is based on the minimum sensitivity (which is declared). The wanted signal is set such that the ratio of wanted signal to blocking is the same as for the first requirement. This second requirement provides the receiver with absolute signal levels that are lower than those of the first requirement and those suggested by the simulations. However, the second requirement takes into account the impact of combining gain on the wanted signal and provides a more robust test of receiver selectivity towards the blocker, since the relation between the wanted signal and noise floor in the receiver after combining will remain at 6dB.
Thus, the basic motivation for introducing the second requirement for eAAS is to provide better coverage of receiver selectivity behavior for systems with baseband combining. If the OTA REFSENS approach would be re-used for range 2, then it would probably make sense to adopt the second requirement based on minimum sensitivity in addition.

Observation 3: If the OTA REFSENSE approach would be adopted for range 2, it would likely make sense to apply the second requirement based on the minimum sensitivity level in addition.
If the eAAS approach is not adopted, then some alternative options for calculating an OTA level are listed below. Issues that would need to be elaborated and solved for these alternatives are also captured:

· Set a fixed, single OTA wanted signal & blocking level based on a fixed antenna gain (wanted signal and blocking signals assumed to be aligned)

· The issue with this approach would be how to decide on an OTA signal level that would deliver a correct signal level to the receiver electronics corresponding to the level expected considering the test BS antenna gain, selectivity, architecture etc. If this issue would not be solved, then a single OTA testing level could lead to significantly different levels of blocking protection being provided by different BS architectures.

· Set a single OTA wanted signal and blocking level based on simulation results (wanted signal and blocking signals assumed to be aligned)

· Again, with this approach a key issue would be how to set a level that would be correct regardless of the antenna architecture. Also, to consider would be how to model antennas, architectures, combining and selectivity in simulations.

· Set a requirement with OTA wanted signal and blocking levels tested from different directions
· The set of combinations of wanted signal and blocking that would represent worst case conditions could differ depending on the antenna architecture. Exhaustive testing of all possible combinations of directions and RX power would be prohibitively complex.
4 Conclusion

This contribution considers how to set an OTA requirement for blocking (and other RX requirements) in range 2, that will provide correct testing for all types of antenna architecture (all digital, analogue, hybrid). The eAAS approach may be a promising candidate, although some adaptation of the RoAoA declaration mechanism is needed to ensure that analogue and hybrid beamforming architectures are properly captured. Other proposals are also listed in section 3, but each seem to have some significant drawbacks.
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