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1 Introduction

For NR systems it will be necessary to set selectivity requirements for both the basestation and the UE. In current specifications, selectivity requirements are conducted and set at the antenna connector. For NR systems, in particular for mm wave, OTA selectivity requirements will be needed, and consideration should be given to the impact of the spatial domain.
This document considers two types of selectivity requirement; the adjacent channel selectivity (ACS) and selectivity requirements considering different numerologies.

The ACS applies for ensuring proper co-existence between different networks. It is assumed that a wanted channel is received in the presence of an aggressor carrier, and that even if the basestations of the aggressor network are co-located, that the scheduling and beamforming on the aggressor network is uncoordinated with the victim.

The inter-numerology ACS relates to receiving a data on one numerology whilst another numerology is transmitted on adjacent resource blocks by the same operator. The requirement will capture the ability of the receiver to achieve sufficient spectral isolation between numerologies. Although the numerologies are transmitted by the same operator, further discussion is needed as to whether it can / should be assumed that the users scheduled on each numerology and beam directions are independent.
2 Discussion
2.1 General formulation of requirement

The selectivity requirement is generally formulated in terms of a wanted carrier and an interfering carrier. The device under test is expected to receive a wanted signal on the wanted carrier with a defined degradation compared to reference sensitivity. During the eAAS WI, there has been some discussion about using a power or SINR based metric instead of a BLER based metric for evaluating RX requirements (the advantage being not needing to define a potentially large set of FRCs) [1]. Such considerations could impact considerations on the need and position of the wanted signal. However the discussion in this document on whether a spatial averaging is relevant for the ACS or not is nonetheless needed.
2.2 Combining or no combining

The uplink signal may be subject to analogue and/or digital combining. A consideration with the ACS requirement is whether the requirement should be specified to include digital combining. In our view, all types of combining should be included, since the requirement applies to the operation of the whole system. Furthermore, digital combining may be able to achieve some further suppression of interference from adjacent channels.

2.3 Spatial considerations

2.3.1 ACS spatial averaging

The purpose of adjacent channel selectivity is to provide protection of the equipment when co-existing with other networks. An ACS is derived based on ACIR, derived from co-existence simulations. The ACIR and ACS are set such that the estimated mean and 5th percentile throughput loss is kept within an expected range (for example, 5% loss is often considered) within the simulation scenarios.
As is the case with transmitter interference (ACLR), the impact of ACS will be experienced on a statistical basis. At the basestation side, in some circumstances, the BS may be pointing a receiver beam towards a UE in the aggressor network, whereas at other times the BS will be pointing away from the aggressor UE. Similarly, a UE panel may sometimes point towards an aggressor BS and at some times away.
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Figure 1: (Left) Situation in which adjacent channel interference is experienced within the beam and (right) where adjacent channel interference is experienced outside of the beam
Thus the impact of ACS will vary from TTI to TTI and the impact on mean and 5th percentile throughput will be subjected to spatial averaging to some extent. It should be noted that the ACIR considered in the coexistence simulations in effect is an average ACIR and not an instantaneous ACIR for any individual beam position.
It should be further investigated how this spatial averaging should relate to the requirement levels that should be set for the UE and the BS.

2.3.2 Inter numerology selectivity spatial averaging

For the inter-numerology scenario, in the downlink a UE receiving on one numerology will need to reject power from an adjacent numerology. If the beam pointing direction for the two numerologies is assumed to be independent, the UE will with some probability need to reject interference on the second numerology that is beamformed directly towards the victim UE. However, often the power on the second numerology will be directed in a different direction to the victim UE on the first numerology.
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Figure 2: Situation in which there is spatial rejection of the interference between numerologies
In the uplink, the degree of antenna gain for the aggressor numerology will depend on the relative spatial positions of the UEs transmitting on the first and second numerologies. If the UEs are in a similar direction, the beam for the victim numerology will point towards the aggressor and the gain will be large. However if the UEs differ in direction there will be a spatial differentiation.
The net result of the independent beam directions for the aggressor and victim numerologies will be that the mean antenna gain experienced by the victim numerology will be an averaging of the beam pattern.
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Figure 3: Average impact of interference between numerologies will be an average of the interaction between beam patterns.
Of course, it may be that the scheduling and direction of beams to different numerologies is not as independent as envisaged above. Further consideration is needed about whether independence should be assumed between the directions for numerologies or not, and how to take into account the spatial variation of the impact of the aggressor numerology.
2.4 Testing considerations
The testing methodology for ACS will need to be developed taking into account the results of considerations on the spatial variation of the impact of ACS, as described above, practical considerations on the test environment and ensuring that testing is not impacted in an improper way by the architecture of the device under test.

If the spatial variation of ACS is not taken into account, then ACS could be measured in the beam main lobe, placing both the wanted signal and interfering signal in the main lobe. The test setup would be simple, but the requirement may have been designed more stringently than necessary. 
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Figure 4: Testing involves transmitting the wanted signal and worst case interferer level to the DUT in the main lobe
An alternative test approach that would take into account the spatial variation of the ACS would be to carry out several tests with the wanted signal placed in the beam main lobe, and the interferer placed at several spatial positions around the device under test. Some kind of average ACS could be calculated, thus accounting for spatial variation and the ability of the device under test to spatially differentiate wanted signal and interferer. The problem with such an approach would be test complexity. Two signal sources would be required in the test setup with differing angle of arrival, and the interferer angle of arrival would need to be adjusted.
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Figure 4: ACS is tested from several directions and a requirement based on average response to ACS is met
A further alternative would be to carry out simulations in order to determine a reasonable ACS and wanted signal level considering the average amount of spatial rejection of the interferer. Having calculated an average interferer and wanted signal level, the device under test could be tested once with the wanted signal and interferer coming from the same direction. The potential disadvantage with this approach would be that the simulations to determine reasonable average wanted signal and interferer levels might themselves need to assume a specific antenna pattern and architecture, and thus levels derived from simulations might not be generically applicable to all types of beamforming pattern and architecture.

[image: image6]
Figure 5: The ACS test is based on a spatially average interfere level, derived from simulations
2.5 A note on the difference between ACS and RX blocking spatial behaviour

This paper considers specifically the adjacent channel selectivity requirement and not the RX blocking requirement. It is important to note that the spatial behavior of the RX blocking requirement and selectivity are likely to be different.

The blocking level is derived from simulations that consider a 99.9 or 99.99th percentile of an interference CDF. Thus blocking simulations do not average spatial effects, but rather capture a worst case interferer direction. Thus averaging effects are not applicable when considering the blocking requirement.

Moreover, the blocking requirement impacts the individual radio receivers, whereas for ACS, receivers are not in saturation and ACS impacts both individual receivers and the combining of receivers. Aspects such as the combining algorithm and the correlation in distortion arising from adjacent channel interference will impact ACS.

Thus we propose that for the time being, ACS, inter-numerology selectivity and blocking are considered separately, as the spatial considerations applying to each of them may differ.

3 Conclusion

This paper has outlined briefly the potential impacts of the spatial domain for requirements on adjacent channel selectivity and inter-numerology selectivity. Not taking the spatial effects into account could potentially result in selectivity requirements being set inappropriately.

The intention of the document is not currently to propose a solution, but to stimulate discussions about how the spatial aspects should be taken into account in the requirement and test designs.
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