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1 Introduction

During previous RAN4 meetings, progress has been made in developing the AAS OTA sensitivity requirement. A way forward was agreed during RAN4#72bis stating that a requirement would be based on either meeting a declared value, or a value that is subject to a minimum over a declared range of angles of arrival [1]:
Option 1: 

The radiated receiver requirement is set on meeting or exceeding (i.e. lower received signal power) the manufacturer declared AAS OTA sensitivity at the “beam maximum pointing direction”. The range of angle of arrival of the incident signal over which the declared AAS OTA sensitivity is maintained shall also be declared. 

Option 2:

The radiated receiver requirement is set on meeting or exceeding (i.e. lower received signal power) the manufacturer declared AAS OTA sensitivity at the “beam maximum pointing direction” The range of angle of arrival of the incident signal over which the declared AAS OTA sensitivity is maintained shall also be declared. The manufacturer declared AAS OTA sensitivity is subject to a minimum specified level. The definition and value of the minimum specified level is FFS.
During RAN4#73, it was agreed that the requirement will be based on Equivalent Isotropic Sensitivity (EIS) [2]. Some remaining open issues were identified. One of these was the need for being able to declare more than one range of angles of arrival, which is dealt with in a companion paper [3] and a second was on the need and usefulness of a minimum requirement.
2 Discussion

It has been proposed that a minimum EIS declaration be incorporated into the specifications. According to the proposal, the specifications should contain a normalize EIS [4, 5]. The normalization is with respect to a nominal directivity of the AAS. The nominal directivity is estimated from the extent of the range of angles of arrival. It should be noted that the nominal directivity is something quite different to the actual directivity of the AAS array, since it is determined purely from the declared range of angles of arrival over which the AAS operates. Furthermore, directivity differs from antenna gain in that it does not incorporate matching, loss factors etc. In principle, the aim is to achieve a similar level of OTA sensitivity to that which would be obtained with a simple passive antenna with a beamwidth set in proportion to the range of angles of arrival and a single receiver.
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Figure 1 Transformation between baseline requirement and AAS BS specific requirement
Some considerations with regard to transformations relating beamwidths and ranges of angles of arrival are considered in [6].

Another aspect of this proposal is that in essence, the requirement relates to the coverage area that a basestation can achieve. Increased beamwidth will cause a smaller nominal directivity, and hence less range. However the reduced range is compensated by the increased coverage beamwidth such that the coverage area stays generally similar.
Several considerations should be taken into account when considering this proposal and a minimum OTA sensitivity declaration in general:

Goal of the sensitivity requirement

The proposal to set a requirement that is normalized in relation to a nominal directivity as described above implicitly assumes that the aim is to imply that the coverage area of an AAS basestation in a greenfield deployment and noise limited environment is in some way comparable to a non AAS basestation. It is, however not necessarily obvious that the goal of the requirement should be to assume some kind of “equivalency” of coverage area. Other types of equivalency could include range, impact to the surrounding network or impact to other systems; the relevance of each of these is discussed below. It is quite likely that different types of AAS equipment will have different goals, and any concept of “equivalency” in performance to non AAS systems may differ depending on the goals.
Relationship between minimum sensitivity and maximum ISD
In a coverage limited network, sites must be deployed in a sufficient density such that a maximum allowable coupling loss between UEs and basestation can be maintained. The cost of a coverage limited network is determined by achievable cell range, not coverage area. Assuming that the intersite distance is large, then inter-cell interference from other cell is such networks is low due to propagation losses. The SINR at the receiver depends mainly on noise and basestation self-interference. In such scenarios, of key interest is the minimum OTA sensitivity of basestations, regardless of beamwidth, since this will impact the maximum distance between basestations.
It is important to note that for an AAS system, the range of angles of arrival over which a minimum sensitivity is obtained may be larger than the beamwidth of a non AAS system whilst the AAS provides the same or greater capacity or coverage. This is because the AAS basestation may be able to use user specific receive combining and spatially multiplex uplink users. This is illustrated in figure 2. In the left hand figure, a non AAS basestation is used in a coverage limited scenario. In order to obtain sufficient antenna gain to maintain a desired ISD, two directional antennas are used, and the coverage area is split into two cells. On the right hand side, an AAS basestation is used. The AAS basestation supports a wide UL range of angles of arrival, larger than the non AAS BS cells. Due to it’s array, the AAS basestation can do user specific reception in uplink in order to obtain sufficient RX power to maintain the desired minimum ISD.
In the depicted situation, if the OTA sensitivity requirement would be calculated based on the range of angles of arrival supported by the AAS, then the wide range of angles of arrival would lead to a low nominal directivity and relaxed OTA sensitivity requirement. If the AAS basestation would only just meet the requirement, then the maximum supportable ISD would be changed. Hence, the derived requirement would be an inappropriate one for the AAS.
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Figure 2 Uplink coverage and ISD provision by non AAS and AAS
For coverage limited scenarios, it seems preferable to set any minimum requirement in such a manner as to imply the ability to maintain a similar site to site distance regardless of beamwidth. This would imply no transformation from a baseline requirement to a basestation specific one based on the range of angles of arrival, but rather simply a direct OTA sensitivity minimum.
Non coverage limited deployments

Some types of homogeneous deployments are more likely to be limited by inter cell interference in the uplink than noise. This is likely to be the case in networks with relatively small cell sizes. Uplink coverage should in principle not be dependent on traffic load, hence coverage should be considered when the network is busy.
In a capacity limited network, cells are more closely spaced to provide capacity. With lower inter-site distances, intercell interference is larger and receiver SINR is dominated by intercell interference rather than basestation noise and self interference. Power control is likely to be used for managing inter-cell interference. OTA sensitivity will not directly impact receiver SINR if the uplink is interference limited, however indirectly the sensitivity can be shown to impact the operating point of the power control and hence the TX power levels used by the UEs. If the cell size is small enough such that UEs are not TX power limited, the sensitivity will not impact the achievable data rates (lower sensitivity will lead to the same SINR/data rates being obtained with higher TX powers), however for some types of cells it could impact cell edge data rates if UEs become power limited. The TX power will influence co-existence with other carriers, since emissions are related to TX power.

If a minimum sensitivity requirement is set by means of a beamwidth related normalization, then the sensitivity, and implicitly the operating TX power will differ depending on beamwidth. It is not clear that such a dependency is desirable. Terminal TX power will mainly influence inter carrier co-existence properties, which should in the main not depend on the beamwidth of the basestations in an aggressor system.
Medium range and local area basestations & Heterogeneous Network deployments
Heterogeneous deployments are subject to similar considerations for interference limited and noise limited homogeneous deployments, depending on whether the low power node Bs are deployed to solve coverage issues or increase capacity.

The sensitivity level for today’s medium range and local area BS classes has been derived based on co-existence simulations assuming specific beamwidth and antenna configurations. Different beamwidths would imply the low power nodes capturing different amounts of traffic, and the impact of different beamwidths on the behavior of power control and the needed sensitivity level is not clear and may well be dependent on the AAS application.
The considerations outlined above imply firstly that it is not clear when considering real deployment scenarios that a minimum EIS requirement that is based on projection of a normalized sensitivity dependent on the beamwidth will lead to an appropriate requirement, since the EIS requirement will depend on the beamwidth.

An alternative to setting an EIS requirement that includes a beamwidth related scaling is to set a single OTA EIS requirement that is independent of beamwidth. The appropriate level for such a requirement depends, however on the type of deployment (noise limited, interference limited, heterogeneous etc.), on the intended application of the AAS and co-existence considerations. Probably different fixed minimum EIS levels would be needed for different application types as well as different frequency bands and would be set based on detailed analysis.

The conducted minimum sensitivity value in today’s specifications has been set making some specific assumptions on basestation configurations and behavior, and even were an OTA sensitivity for today’s basestations were to be estimated, it is not clear that such a sensitivity value is generally suitable for AAS basestations that have different antenna behaviours and applications. 

A single minimum value would need to be set to enable all applications and deployments. Such a level would presumably need to assume no antenna gain and a worst case for self interference.
3 Conclusion

This document has considered a number of issues relating to the impact of sensitivity in different types of deployment. In noise limited deployments, inter-site different is related to EIS, independently of beamwidth. For interference limited deployments and heterogeneous networks, the needed minimum sensitivity depends on cell sizes, co-existence properties and power control dynamics.

It is far from clear that an EIS requirement should be beamwidth dependent due to a projection of a fixed value to a requirement based on a nominal directivity. 

Furthermore, a necessary value for EIS depends on a complex range of factors and is probably also frequency band dependent.

Taking these considerations into account, we believe that it is important to have a proper understanding of AAS applications and deployment scenarios and their behavior in order to set a minimum level properly. The existence of a requirement to meet a declared OTA sensitivity will ensure a building practice that correctly captures array characteristics, interactions and self-interference such that 3GPP compliant products manage radiated sensitivity effects effectively. It is important to understand that the RX sensitivity may be similar to TX power; for TX power it is not possible to specify a minimum TX power value, since minimum power will very much depend on deployment and application. Instead, the requirement is on meeting the intended application specific TX power accurately. With a means to validate RX operation secured, any minimum sensitivity should be straightforward and be understood to have a scope of validity that is applicable to known and well understood deployment and application types only.
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