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1 Introduction

During RAN4#64bis, the topics of requirement definition point, the need to include the antenna element characteristics in requirements, testing and ACLR/co-existence were discussed. The results of this discussion was concensus on some of the issues:
· For the scenario of antenna downtilt with a single column array in a macro environment and the antenna assumptions made [1], simulation results with an ACLR equivalent to 45dB at the antenna connector indicates that the impact of an AAS system on mean and 5th percentile LTE throughput is small
· Requirements should be defined at a single point (however it is FFS where that point is)

· The requirement definition point may be different to the test point

· All forms of testing should be captured in the technical report

In this document, we aim to elaborate on remaining issues to consider in defining ACLR requirements and what items need to be specifically resolved in a Work Item. In particular, we focus on what should be the ACLR metrics and where the requirement should be defined; means to test compliance to the requirements should be considered at a later stage.
2 ACLR metrics
The simulation results captured in [2] indicated that in the specific scenario studied, an ACLR of 45dB per transceiver is sufficient for ensuring that the LTE co-existence requirements as defined in 36.942 are met to the same extent by both an AAS and a non AAS system. Furthermore, the amount of correlation between the antenna branches and the amount of downtilt does not significantly impact the victim system mean and 5th percentile throughput loss.
These results suggest that, as may be expected intuitively, it is the overall level of adjacent channel interference that impacts the mean and 5th percentile throughput loss figures rather than the spatial distribution of the interference. Thus when setting requirements it makes sense to consider the overall amount of adjacent channel interference.
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Figure 1 Example of different manifestations of agressor basestation adjacent channel interference. The same average amount of interference may cause the same mean and 5th percentile throughput impact, but the distribution of the impact may differ

The metrics that have been employed in the simulations and in 36.942 consider relative throughput loss. They do not, however consider any sort of criterion under which a user might be declared to be “blocked”. Similar numbers for average and 5th percentile throughput loss could mask the different scenarios of a small per user throughput loss distributed over a relatively large number of users or a small number of users suffering a large throughput loss or blocking. For some system scenarios such as public safety it is also important to ensure that users are not blocked.
Future AAS applications may be more likely than existing passive applications (such as downtilt) to direct adjacent channel emissions in such a manner that the emissions are concentrated into a small area and such blocking can occur. The extent to which such blocking occurs will depend on the beamwidth of the application. Furthermore, when the beamwidth is narrow then it is likely that the beam will be moved in time, and hence the timescale over which any blocking of certain users occurs may need to be considered.
Thus in addition to the total adjacent channel emissions distributed in all directions, the peak level of adjacent channel emissions and the area over which they are distributed may also need to be considered in setting requirements.

As discussed in [3], defining a “spatial ACLR” has the problem that ACLR is defined everywhere, regardless of the absolute amount of interference. [3] discusses alternative relative adjacent channel emissions metrics, such as one that measures the ratio of the total in-band power to the interference level at a particular point in space.

Testability of a requirement that considers the peak level of adjacent channel emissions and the area covered by the peak level should also be considered.
In summary, the conclusions that can be made from the study thus far and the more detailed work and decisions that need to be made in a Work Item are as follows:

Conclusions from the Study Item:

· Total ACLR in a sphere around the basestation can be used as a requirement for ensuring mean and 5th percentile throughput

Detailed work for the Work Item:

· Consideration of whether high throughput loss spots can be created by specific applications, and the time period over which existence of such spots can be tolerated

· If required, definition of a metric considering the highest level of adjacent channel emissions and the area covered by this level

· How the metric should be defined (e.g. ratio of total in band power to interference at specific points)

· How the amount of area covered by high ACLR should be considered

· Over what timescale the metric is measured

· Testability of such a metric
3 ACLR definition point
A key issue that needs to be resolved is the point at which the ACLR requirement should be defined. From the discussion in section 2, a requirement is likely to be needed on total adjacent channel emissions in a whole sphere around the basestation and a second requirement relating to the highest experienced adjacent channel interference over a more limited area of space.
Considering an ACLR requirement on the total adjacent channel emissions around the whole sphere, the in band signal and adjacent channel interference will experience the same amount of cable loss and antenna gain, and if the radiated in band and adjacent channel energy are integrated around the whole sphere, then it is not of importance what spatial pattern each experiences. Thus an ACLR defined in the far field and integrated around the whole sphere is the same as the ACLR measured at the antenna connector.

Thus a requirement set at the antenna connector or in the far field is equivalent in this case. The definition point for the requirement should be set consistent with any need for other ACLR requirements and with other requirement definitions.

In addition, as described in section 2 above, there may be a need for a requirement on the maximum experience adjacent channel emissions over a more limited are in space. For this case, the propagation patterns of the in band signal and the adjacent channel emissions may differ (due to e.g. correlation level, or due to the in band part being defined over the whole sphere and the adjacent channel interference over a more limited area). The antenna characteristics are an important factor in determining the spatial pattern and thus the requirement should be defined in the far field. 
4 Conclusion

A requirement on the ACLR considering both in-band signal and adjacent channel emissions integrated over the whole sphere can be set to regulate the impact on mean cell throughput and 95th percentile throughput. Such a requirement can potentially be defined either in the far field or at the antenna connector; there is little difference. However the definition point for the requirement should be consistent with that for other requirements, which implies in the far field.
A work item should examine in more detail whether a requirement is required to avoid a concentration of adjacent channel emissions that causes spots with unacceptable throughput loss. The definition point of such a requirement needs to be in the far field. A Work Item needs to consider how the ratio should be defined for such a requirement, whether area and time should be taken into account and how such a requirement could be made testable.
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