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1 Introduction

[1] proposes an approach to setting the eAAS OTA blocking requirement, in which the OTA blocking requirement is based on referencing to two sensitivity levels; OTA reference sensitivity and declared minimum sensitivity.
In this contribution, the receiver dynamic range requirement considering in particular whether a similar approach can be applied.
2 Discussion
The dynamic range requirement is related to the maximum co-channel input power than the receiver is expected to experience during operation. The receiver is exposed to a wanted signal and an interfering signal. The interfering level is set at around 20dB above the receiver noise floor (assuming 5dB NF in the receiver) and represents an estimated inter-cell interference scenario in an interference limited uplink (that was derived through simulations). The wanted signal level is set to a level at which 95% throughput is obtainable for a 16QAM based FRC. In effect, the RF level is that expected when the receiver is achieving a high SINR despite a large interference level.
Part of the design of the requirement involves deciding on an estimate for a worst-case level of inter-cell interference that will be experienced by the BS receiver. The existing simulations of inter-cell interference performed for the existing requirement are based on a fixed passive BS antenna. It is not immediately obvious whether the estimate will be the same for an antenna that performs receive beamforming.

It is noted that simulations relating to Interference over Thermal (IoT) were performed for developing NR mm wave requirements, and that these simulations showed a much smaller increase in IoT. However, the results of those simulations cannot be readily interpolated to below 6GHz operation because at below 6GHz, the pathloss towards UEs in neighbor cells is much lower and UEs do not perform beamforming.

The inter-cell interference level was estimated to be 20dB above the thermal noise and will be experienced at the BS receiver in a traditional system. For an AAS system, the level of noise and interference at each receiver is of interest. The individual receivers will be connected to antenna elements or modules. Thus, it is important to consider whether the level of inter-cell interference will be the same for an antenna element, antenna module and passive antenna system. Although a passive antenna clearly has a larger gain in the boresight direction than an antenna element, an antenna element has a wider beamwidth and thus will pick up a wider range of inter-cell interferences.

To answer this question, apart from performing simulations it is useful to consider that the inter-cell interference is statistical in nature across many TTIs. It can be hypothesized that the average level of inter-cell interference experienced at the receiver will relate to the average element or module antenna pattern in azimuth. The 95th percentile is likely to behave in a similar manner, since reduced gain will be offset by a wider beamwidth capturing more interference.
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Considering azimuth, therefore a first estimate would be that the inter-cell interference experienced at a hypothetical antenna connector after the element or module would be roughly the same regardless of the element or module dimension.

Hypothesis 1: The amount of inter-cell interference captured in the azimuth plane may be similar considering passive array and an antenna module/element.

Hypothesis 1 is not, as yet, proved by simulation.
In elevation, other cell users are not evenly distributed in space but will be clustered around a narrow range of elevation angles. The most significant inter-cell interference sources will be those at the cell boundary; although downtilt may reduce these interferences somewhat it is not possible to attenuate the worst case inter-cell interferers significantly whilst still covering the wanted cell edge users. (Downtilt will, however reduce the average inter-cell interference significantly). Assuming that mechanical downtilt is applied in the same manner to both passive systems and AAS arrays, the gain of an antenna element or module at these angles for an AAS array will be much less than a passive array.
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Unlike the azimuth domain, therefore there is no effect by which a reduced antenna gain in boresight is offset by a wider beamwidth capturing more interference.

Hypothesis 2: In the elevation plane, an antenna element/module may pick up less inter-cell interference than a passive beamforming array.

Again, hypothesis 2 is not as yet proven by simulation.
To convert the conducted interference level to an OTA level, in general the gain based on the sensitivity RoAoA should be used, since the interference is experience in each individual receiver.
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Considering the discussion above, though, assuming that the 95th (or higher) percentile inter-cell interference arises roughly in boresight for elevation, an alternative procedure for setting an OTA requirement level could be considered. The OTA level could be determined by applying an 3dB RoAoA declaration only in the azimuth domain, whilst assuming that in the elevation domain, the 3dB sensitivity beamwidth is that of a passive column regardless of the array architecture. This same elevation beamwidth assumption would be applied for all array types. Adopting such an approach would, roughly speaking, correctly estimate the OTA level considering azimuth and take into account that the conducted level would reduce in elevation with increasing elevation beamwidth.

Hypothesis 4: Setting a fixed elevation 3dB beamwidth assumption (whilst declaring the 3dB beamwidth for azimuth) for the sensitivity RoAoA may be a more accurate way to set the OTA receiver blocking requirement.
If the elevation beamwidth assumption would be set fixed, then potentially the same level of OTA protection could be provided by the AAS array as was provided by traditional fixed passive BS.

On the other hand, setting a fixed elevation beamwidth assumption would not provide the same level of OTA protection as the release 13 conducted AAS requirements, which may well also be overdimensioned when compared with traditional BS systems. In order to provide the same requirement as the release 13 AAS conducted requirements, the gain estimated by the OTA REFSENS should be used. Of course, adopting the REFSENS RoAoA gain approach would be a quick and easy way to complete the WI and we do not have a strong view against such an approach, but we bring this discussion to bring to the attention of participating companies that adopting the same approach as for blocking could cause a requirement that is unnecessarily biased against advanced array architectures of the future.

Proposal 1: Discuss the merits of a fixed elevation 3dB beamwidth assumption approach vs the full REFSENSE gain approach for setting a variable OTA interference level for the OTA receiver dynamic range requirement.
The wanted signal level should be set relative to the interference signal level considering the SINR required for achieving 95% throughput on the 16QAM FRC. However, it is important to bear in mind that if an AAS has active combining, although the interference signal is experienced at the individual receivers, the SINR after combining is likely to be significantly improved because the combining process will spatially reject a significant proportion of the inter-cell interference. This implies that the OTA wanted signal level needed to achieve the 95% throughput SINR can be increased in proportion with the spatial rejection capability of the active combining.
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Unfortunately, the amount of gain from the combining (and associated reduction of the wanted signal level) will depend on the array size and configuration. Assuming that there is no combining gain and setting the wanted signal at the highest possible level will ensure that the worst case is covered for all types of array, but it will also lead to the dynamic range requirement being overspecified for arrays with a large amount of active combining.

Proposal 2: Discuss and agree that the RX dynamic range requirement is likely to be overspecified for arrays with a large amount of active combining. Document this overspecification in the TR, in case there is a need to revise the requirement in the future.

Under the assumption that there is no spatial rejection of the interference, in order to provide a reasonable conformance test, it is proposed that the requirement assumes that the wanted signal and interfering signal come from the same direction.

Proposal 3: Specify that both the wanted signal and the interferer are in the same direction for the receiver blocking requirement (assuming that no spatial rejection of interference is assumed).
It is important to consider with this requirement that both wanted signal and AWGN will be transmitted from the test equipment during the OTA test. Since the AWGN is much higher than the receiver noise floor, the AWGN will dominate the SINR. Both RF and in baseband will provide the same combining gain for both the wanted signal and the AWGN, since both are co-channel and come from the same direction. 
Observation: Both the wanted and interfering signal will experience the same combining gain for the RX blocking requirement.
Thus, in this rather artificial setup, the will be no impact of combining gain to the requirement. For this reason, we do not believe that a 2-level requirement, such as is discussed for the receiver in band blocking requirement is necessary for receiver dynamic range.
Proposal 4: Only specify the receiver dynamic range requirement at one OTA level

Since both signals are co-channel and other requirements verify the adaptive combining capability of the array, we do not believe that there is significant value in testing the requirement in multiple directions, and thus testing time can be saved by testing in a single direction.

Proposal 5: Set the receiver blocking requirement in the reference direction only
3 Conclusion

This proposal has provided some analysis of the receiver blocking requirement. It is observed that although the REFSENSE RoAoA estimated gain could be used for the receiver blocking requirement, this bias the requirement to be overdimensioned for advanced array architectures. Whether it is wise to build this into the specification is at least worthy of some consideration before requirements are settled.
In addition, due to the nature of the requirement, we do not believe that multi-level testing or multi-direction testing is necessary for this requirement.
Proposal 1: Discuss the merits of a fixed elevation 3dB beamwidth assumption approach vs the full REFSENSE gain approach for setting a variable OTA interference level for the OTA receiver dynamic range requirement.

Proposal 2: Discuss and agree that the RX dynamic range requirement is likely to be overspecified for arrays with a large amount of active combining. Document this overspecification in the TR, in case there is a need to revise the requirement in the future.
Proposal 3: Specify that both the wanted signal and the interferer are in the same direction for the receiver blocking requirement (assuming that no spatial rejection of interference is assumed).
Proposal 4: Only specify the receiver dynamic range requirement at one OTA level

Proposal 5: Set the receiver blocking requirement in the reference direction only
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