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1.
Introduction
During the RAN4 #66bis meeting in Chicago the topic of Spurious Emissions for AAS was discussed. It was proposed to divide the frequency domain into uncorrelated, and partially correlated regions. This paper considers further both domains, concluding that in the uncorrelated domain, power addition can be assumed whilst in the correlated domain, there is a spatial pattern to the interference and also the potential for a radiated effect due to antenna coupling.
2.
Discussion
In [1] it was proposed that the frequency domain should be divided into regions based on the degree of correlation between transceiver chains in a potential AAS system. The upper and lower spurious emissions domain(s) appear well outside the operating band and ultimately far from the carrier frequency. In such frequency regions, the antenna performance is typically undefined since the antennas and antenna elements are tuned to optimise performance in the operating bands where the wanted radiations occur. In a similar manner, filter phase behaviour is unknown far from the operating band. Instead the filter design typically results in known phase behaviour in band. The gain of the filter is typically designed to meet known in band requirements, while the out of band gain performance is focused on attenuating strongly what is unwanted radiation far from the operating band. Thus, the filter behaviour may be at least partially phase uncorrelated and provides high attenuation for frequencies far from the operating band. This applies to any radiation that stems from the radio parts attached to the filter and finally the antenna(s). Therefore, regardless of where (inside the radio) the radiation originates from, a considerable amount of attenuation will be applied to the part of the signal that radiates with frequencies far from the operating band, whilst the filter phases may be partially uncorrelated and the antenna properties are undefined. Hence, it is highly improbable that any coherent beam for any unwanted emission far from the operating band (e.g IM products) will arise, and we expect no correlation from the branches. Then we can assume non spatial power addition as described and stated in Proposal 5 in [1]
 for frequency domains far off the operating band of the potential AAS product. 
On the other hand, in regions close to the operating band, the filter attenuation is not as strong as in the regions further away in the frequency domain. At the same time, the correlation between branches is much higher due to the design criteria of both the antenna and filter within the operating band. Combined this is the cause of spatial aspects and effects when considering potential AAS systems. The impact of these effects will be checked using system level simulations.

Apart from a spatial pattern arising from beamforming on the emissions, another type of radiated effect can occur if the behaviour of the transceivers differs between the case in which test gear is attached to an antenna connector and the case in which the equipment is radiating. As was indicated in [1]
 it is important to capture relevant radiated effects for future AAS products with integrated antennas. There is some risk of a radiated effect arising from mutual coupling between antenna(s) and antenna elements, and the effect of that onto the radio parts. It is known that coupling between antenna ports could vary over frequency and antenna spacing by between 10dB to 30dB. As a result of such coupling, the possibility exists of signal leaking from one transmitter chain to other chains. In some implementations, such interaction could impact the radio performance, by means of, for example influencing the adaptation of the digital predistortion around the PA and hence the emissions. Whether such an effect would arise would obviously depend on the design and spacing of the array and transceivers. Such an effect would need to be captured in a radiated requirement on emissions in order that the requirement ensures that all types of implementation are robust. Suitable tests could then be devised for demonstrating that the radiated requirement be met. To illustrate the potential radiated effect a schematic drawing is provided in Figure 1.
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Figure 1. Schematic drawing illustrating the mutual coupling between two antenna branches. This is a risk for the radio parts in a potential AAS product with integrated antennas
Proposal 1: The potential impact of array coupling and feedback between transceiver chains should be investigated further. The requirement should be set such that such effects are properly captured.
3.
Conclusion

As discussed in [1], for uncorrelated spurious emissions it is sufficient to assume power addition for all components due to the undefined behaviour of filters and antennas. For the correlated part, the impact of the spatial interference patterns should be checked. Also, the possible impact on transceiver emissions behaviour of radiating from an antenna array, in particular due to cross transceiver coupling should be investigated and captured properly by the requirement.
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