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1 Introduction

The eAAS WI includes within it’s scope setting an OTA requirement on receiver blocking. The aim of the WI is to create OTA requirements that provide the same amount of protection (or performance) as the existing requirements of 37.104. In the context of receiver blocking, this implies providing the same receiver blocking protection. The task of setting an OTA requirement is not straightforward since 37.104 sets a requirement only at the receiver antenna connector and there is no reference for the spatial aspects of blocking protection. It is therefore necessary to make some estimations of the spatial characteristics of blocking protection provided by 37.104 compliant basestations that could be thought of as similar in terms of the deployment environment that they serve as AAS basestations. Since both AAS basestations and existing basestations are not a single implementation but can be a wide range with different antenna characteristics, establishing a precisely described link between a generic AAS and a generic 37.104 compliant BS is not possible. However the task is not one of finding an exact link that guarantees precisely the same performance in every situation, but is rather to find a method that establishes that in most situations, blocking will not occur and providing confidence that the generic statistical probability of blocking occurring is likely to be similar between an AAS compliant BS and 37.104 compliant one.
An additional consideration is that the AAS blocking requirement must be stated in a manner that enables straightforward testability.

This document examines the basis of the current requirement and some possible mechanisms for setting a requirement that provides consistency between AAS and 37.104 behavior.

In addition to discussing the blocker level(s) and spatial direction(s), it is also necessary to consider how the compliance metric could look. The compliance metric has been discussed during RAN4#80 [1] and is further discussed in separate contributions to this meeting [2].
2 Discussion

The current conducted requirement specifies (dependent on RAT, frequency) a blocking level in dBm for which the receiver should comply. For an OTA requirement, two aspects of the requirement need to be considered; the spatial direction or directions of the blockers and the OTA blocker level. The OTA blocker level may be direction dependent.
To establish a means for setting the requirement, it is useful to consider how the conducted requirement was defined. In addition, it is useful to consider the likely response of some typical BS complying to 37.104 if they would be hypothetically subject to OTA requirements and testing.
The derivation of the existing blocking requirement depends on the basestation class. For the wide area basestation class, uplink system simulations have been performed as described in the TR 36.942. These simulations assumed a hexagonal 3 sector deployment, full buffer traffic, 3 scheduled UEs and a single column basestation. The blocking level was calculated based on the 99.99th percentile of the total receiver power.

The result of the simulations is a blocking level at the connector of the single column antenna. During the AAS Study Item, further simulations were performed indicating that the antenna connector level blocker level would look similar if each individual element of the column would drive an individual receiver than the original case of a single receiver. It was noted during the AAS study that the results were specific to the antenna and environment studied. The simulations during the AAS Study Item only considered the antenna connector blocking level and did not consider the spatial distribution of blockers.
Of course, the simulations do not guarantee a blocking probability that would be achieved in all real deployment scenarios, or even all simulation scenarios. If the simulations would be run with a different basestation layout, inter-site distance, power control parameters or in particular different antenna layout then the blocking probability would look much different. Furthermore, the spatial position distributions of blocker UEs at the 99.99th percentile level would most likely differ.
Even in the case of the studies for AAS, although the antenna connector level blocking level looks similar between the 10 element passive antenna and the per single element receiver, the spatial position distributions of the 99.99th percentile will differ between the two cases due to the different spatial response of the antennas.
It is very likely that the architecture and geometry of AAS basestations may differ substantially and have different amounts of RDN combining, fixed beamforming and adaptive processing. The simulations will not be able to predict a worst case blocker pattern distribution that is generic for any type of AAS basestation, since the worst case positions will depend on the AAS antenna array geometry.

Furthermore, the assumption of 3 scheduled UEs employed in 36.942 is deserving of further consideration. With real network traffic, the case of scheduling 3 UEs simultaneously is not likely. Although 3 UEs may have been a suitable assumption for setting a conducted requirement level, since spatial rejection of blockers will play a role in OTA requirements it is not obvious that such an assumption is a good one when estimating blocker directions.

Observation 1: The system simulations performed for obtaining the conducted blocking level for wide area BS receivers do not appear suitable for determining spatial locations and levels for OTA blockers generically for wide area AAS BS.

For the medium range and local area BS classes, the blocker levels are based on specifying the same dynamic range on the receivers as is the case for wide area BS. However for these two classes, the reference sensitivity (from which the wanted signal level is derived for the blocking requirement) has been derived differently. The reference sensitivity has been set equal to a minimum sensitivity derived based on co-existence simulations involving a deployment of small cells together with a macro grid. The blocking levels and wanted signal levels for the blocking requirement for these BS classes have then been set relative to the respective minimum sensitivity such that the dynamic range requirement on the receiver is the same as for a wide area BS. Furthermore, for MSR a unified blocking requirement has been made that provides the same dynamic range between UTRA and E-UTRA. Due to the different reference sensitivity levels of UTRA and E-UTRA, the wanted signal level is adjusted for the E-UTRA MSR blocking requirement.
Observation 2: For medium range and local area, the in band blocking and wanted signal levels have been derived based on achieving an equal receiver dynamic range requirement to the wide area, and not on co-existence simulations.

Another possibility to establish a link between AAS compliant spatial blocker levels and the 37.104 requirements is to compare the hypothetical performance of a 37.104 compliant BS if it would be placed in an anechoic chamber and the conducted blocking level would just be achieved. An assumption would need to be made on the antenna used by the non-AAS BS. An OTA blocking level that would lead to the conducted blocking level being achieved could be calculated for each possible angle of arrival at the blocker. The OTA blocking level profile would be the inverse of the assumed antenna pattern. An approximate example is depicted in figure 2. Of course in reality, some corrections would be needed to avoid excessively high power levels for angles at which the antenna gain would be very low; for example the maximum blocker level could be restricted to a value based on the maximum expected UE transmit power.
An assumed antenna pattern could be used for each basestation class (for example, 3 sector 120 degree beamwidth could be assumed for a wide area BS class). Alternatively, an antenna pattern could be estimated from UL RoAoA declarations.
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Figure 2: Very approximate example of assumed non AAS EIRP pattern (left) and spatial blocking pattern (right). 
For a wide area BS class, the blocker level could be reduced with decreasing elevation angle. This is due to the fact that typically a UE is on the ground and decreased elevation angle implies increased distance from the BS. Such an assumption would cause the conducted blocker level to be below the 37.104 requirement for some elevation angles, but would represent a more realistic variation of the blocker behavior.
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Figure 3: The wide area blocking level may be adjusted by an assumed pathloss gain that increases with decreasing θ.
Alternatively, a more simple modelling of the non-AAS antenna response could be used leading to a single blocker level, possibly varying elevation angle due to varying distance in real life as indicated in figure 3.
Having calculated a profile of blocking level vs angle of arrival, the requirement on an AAS basestation could be to meet the blocking requirement when subjected to blocking from any angle of arrival with the corresponding blocker level from the profile. 
The underlying principle behind setting a requirement in this way is that in an anechoic chamber the AAS BS is then demonstrated to achieve the same blocking performance as is achieved with a 37.104 compliant basestation (subject to the antenna assumption). Considering the issues identified with attempting to directly adapt the approaches for setting the conducted level, we propose that it is further discussed whether this kind of approach could be suitable for achieving the WI goal of providing the same amount of (blocking) protection as the 37.104 requirement.
Further details might need to be considered such as the alignment of the blocker pattern with the AAS declared coordinates system etc. Furthermore, further examination and discussion of this principle would be needed to ensure that the blocking requirement would be fair and would not present an excessive requirement under any circumstances.
3 Conclusion

Previous work to decide a blocking level depended either on simulation, or achieving the same receiver dynamic range as a wide area BS. These approaches are not directly applicable to the task of identifying a suitable OTA blocker level(s) and directions(s) for a generic AAS BS.

An alternative is to attempt to achieve the same sensitivity to blocking in an anechoic chamber as might be expected from a BS compliant to 37.104, with some assumptions on the antenna used for the 37.104 compliant BS and the maximum blocking level considering UE transmit power and minimum coupling loss. 
Further discussion should take place on these approaches and any other alternatives to derive the OTA blocking level in a manner that can be said to provide the same level of protection as afforded typically by the current specification.
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