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1 Introduction

During recent meetings, an OTA RX blocking requirement has been developed for eAAS. The requirement has already been to some extent agreed, however the final formulation of the requirement is already under discussion. During RAN4#84, a WF was agreed [1] capturing 4 proposals for the blocking requirement. This contribution reviews the 4 options and proposes option 4 for the final core requirement.
2 Discussion
The conducted blocking requirement specifies amongst other things, a wanted signal FRC, an interfering signal, frequency offsets between the wanted signal and the interfering signal at which the blocking requirement is applicable and absolute levels in dBm for both the wanted signal and the interfering signal. The wanted signal is set with a 6dB offset against a so-called reference sensitivity. The BS is required to meet or achieve reference sensitivity, and thus in principle the noise due to blocking is 4.8dB greater than the receiver noise figure.

The absolute blocking signal level has been decided using monte-carlo interference scenario simulations. As noted in previous contributions, these simulations tend to somewhat over-estimate the needed blocking protection, as they do not consider the joint probability of both wanted signal and blocking occurring with the defined levels simultaneously.

During the first AAS Study Item, some simulations of a single column suggested that to within a small number of dB, the absolute blocker level experienced within a receiver does not depend on the pattern of the antenna module to which the receiver is connected. These simulations were quite basic and the conclusion may not be fully watertight, but work has proceeded with the assumption that the same amount of blocking protection as afforded by single column macro BS can be provided if the same wanted signal level and blocking level are presented to the receiver in an integrated AAS. Based on this assumption, the OTA test for the blocking requirement can be simplified, as both wanted signal and blocker can be presented form the same direction. However, in order to present the right absolute blocking levels to the receiver, a means for estimating the gain of the antenna module connected to the receiver is required. Since the antenna architecture can differ between implementations, a flexible means for achieving this is needed.

To obtain the gain of the antenna module, a so-called OTA sensitivity RoAoA is declared. The RoAoA is the range of angles within which, including adaptive RX combining if applicable, the sensitivity will be within 3dB of its peak value. With adaptive RX combining, the RoAoA will roughly speaking follow the curve of the element or module (it will not follow exactly the envelope of the antenna module due to effects such as scan loss, grating lobes etc.). With no adaptive RX combining, the RoAoA will be the 3dB beamwidth of the antenna system. An estimation is then applied to provide an estimated gain of the antenna module based on the declared 3dB beamwidth.
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Figure 1: Examples of RoAoA for pure digital and pure passive beamforming
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Figure 2: Impact of the RoAoA declaration framework where there is active combining in the receiver (left) or is not (right)

For the blocking requirement, this estimated gain is applied to the wanted signal and blocking levels in order to determine OTA levels for testing. 

The above procedure for deriving an OTA reference sensitivity and OTA blocking requirement will give an approximately correct absolute signal level inside each individual radio receiver.

What is not taken into account with the above described approach is the impact of adaptive RX combining. The requirement is specified on the BS as a system, including combining. It may be expected that RX combining will coherently combine the wanted signal, but may not coherently combine the interference from the blocking signals.

The RX combining will have two impacts. Firstly, after combining the relationship of the wanted signal to the noise floor will be greater than the 6dB envisaged by the requirement. This additional wanted signal level will enable receivers to be designed with somewhat less selectivity towards the blocking signal. Secondly, if the in-band blocking interference does not combine fully coherently, then the RX combining effect will enhance the selectivity towards the blocker. Whether these two effects should be considered as a softening of the requirement or as an implementation feature facilitating meeting the requirement is a matter for interpretation. Both effects are due to the implementation of the array architecture. If compared with a traditional BS with passive combining, then these adaptive combining impacts would lead to an over-specified blocking protection. If compared to a BS with exactly the same array architecture but conforming to conducted requirements, then the blocking protection would be under-dimensioned. It is likely that a BS subject to conducted requirements would have some adaptive combining, but not as much as a BS subject to OTA requirements, so the impact lies half way between these two extremes.

It is also important to bear in mind that the ratio of wanted signal level to blocking level is related to the probability of users and RX power levels occurring in adjacent networks. The probabilities of the signal levels do not change as a result of BS architecture, and thus changing the blocking to wanted signal level would lead to a change in the blocking probability provided by the network.
To further improve the blocking requirement, further options have been considered. One option is to use the gain calculated via the sensitivity RoAoA to set the OTA blocker level, but then specify 6dB degradation against the declared minimum sensitivity. This approach would in effect set a blocking requirement relating to a probability of blocking very significantly lower than the 0.01% for which the blocking requirement is currently dimensioned. Since, as noted above the blocking requirement is already overdimensioned, further overdimensioning the blocking requirement even further in this way would be undesirable.
A second proposal is to use the declared minimum sensitivity as the basis for the wanted signal level, and keep the blocking signal to wanted signal ratio. This would set a lower OTA blocking level. The issue of combining leading to the received signals being well above the noise floor would be addressed in this way, but the ability of the receiver to deal with the highest expected absolute signal level would not be.

To improve the blocking requirement coverage, it was also proposed to perform two tests of blocking with 2 different absolute levels; the first using the OTA sensitivity and the second with the declared minimum sensitivity; both using the same wanted signal to blocking ratio. 

In our view, this proposal to apply two levels is the best compromise to provide a reasonable blocking requirement with good protection. Moreover, it has been agreed as the approach for NR at the RAN4 NR ad-hoc#3, and agreeing an aligned approach for E-UTRA is highly beneficial.
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Figure 3: 2 level requirement methodology
Agreeing to the two-test approach may obviously increase the testing complexity. However, as agreed for NR, the increased testing complexity can be mitigated by alternating between the two levels in the 5 conformance test directions, such that the total number of tests is the same as would be the case if either of the tests would be applied individually.
3 Conclusion

Considering the discussion outlined in section 2, we propose the following:

Proposal 1: Adopt the two-level blocking procedure (option 4 in [1]) for the E-UTRA AAS blocking requirement

Proposal 2: Design the conformance testing such that the total number of tests covering both of the OTA blocking levels is no greater than 5.
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