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1 Introduction

Co-existence performance at mm wave is currently being investigated as part of the activity to provide parameters towards ITU WP 5D. BS coexistence parameters include ACLR and ACS. Although in the uplink co-existence performance is dominated by UE ACLR, it is nonetheless worthwhile to consider ACS requirements on the BS and in particular spatial aspects and the relationship to blocking performance.
2 ACS spatial aspects
As observed in [1], aggressor UEs are likely to be uniformly distributed around a basestation in azimuth. Thus the average impact of performance degradation due to ACS will be the average of any ACS spatial pattern(s) around the azimuth domain.
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Figure 1: PDF of azimuth angle of aggressor UE from a victim BS, from the BS point of view
In the elevation domain, UEs that will cause interference are likely to be located within a limited range of pathloss. The basestation will adjust the RX beam pattern depending on the received UEs and thus on average, the interference level will depend on the average of all beam patterns in the direction of the interferer.
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Figure 2: Impact of aggressor UE in elevation
These observations suggest that for the BS, any spatial pattern of the ACS will not have an impact on the co-existence performance and ACS performance should be somehow averaged over the sphere.
The actual spatial pattern of ACS will depend on a number of factors. If interference from an adjacent carrier enters the receiver band due to LNA nonlinearities, then the spatial pattern of the ACS will depend on the degree of correlation of these nonlinearities between different receivers. For remaining interference on the adjacent channel after filtering, the spatial properties will be impacted by the amount of correlation of phase noise further away from the carrier. In case there is significant correlation between recievers, then it is also conceivable that an advanced baseband spatial equalizer might be able to spatially reject interference on an adjacent channel.
In general, though, however the spatial pattern of the ACS looks and varies between basestations, it seems likely that the ACS averaged around the sphere will be the parameter that impacts co-existence.
3 ACS and blocking requirements
The in band blocking requirement specifies that the BS should be able to receive a wanted signal at a certain power level in the presence of a blocking signal at another power level.
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Figure 3: RX blocking requirement example
From an RF perspective, the blocking requirement ensures two things:

· That the maximum RF input level at which the radio does not saturate is greater than the blocking level
· That the dynamic range of the receiver, in particular the ADC is wide enough to be able to receive the wanted signal despite the RX power being dominated by the blocking signal.

If the design of the RF fails to meet either of these two criteria, then the radio will become saturated or pass a severely distorted version of the wanted signal to baseband and the equipment will fail to pass the requirement.

Assuming proper RF design, and also that the blocking metric is evaluated after baseband combining, then the wanted signal level also relates to the ratio of the interference experienced in the receiver relative to the power on the adjacent channel; i.e. ACS.

The dynamic range requirement on the RF depends on the individual probability of the basestation receiving a signal at the blocking level and a weak wanted signal at the wanted signal simultaneously. The ACS requirement depends on the co-existence simulations and the split decided between ACLR at the UE and ACS at the basestation. In case the calculated RF dynamic range requirement being larger than the ACS, then the blocking requirement cover the ACS requirement. For the MSR specifications, it was recognized that this was indeed the case and thus the RX ACS requirement was removed.

In case the ACS is larger than the difference between the blocker level and the wanted signal level identified in the blocking simulation, then the blocking wanted signal level will need to be defined based on the ACS, since in order to provide sufficient ACS the RF will need to be able to provide a sufficient dynamic range (also with adjacent channel power at a lower level than the blocker level) to meet ACS. So either way, the blocking test will be sufficient to capture also ACS.

Thus for mm wave, two kinds of evaluations are required:
· A blocking simulation that investigates the blocking level, and also investigates the probability of simultaneously receiving a signal at a decided wanted signal level together with an interferer at the blocking level. This investigation will decide on a blocker level and wanted signal level for the RF blocking requirement.

· An co-existence investigation to determine the ACS requirement, considering the average ACS around the sphere.

The blocker level will be set in the blocker test based on the blocking investigation. The wanted signal level may be set based on achieving the decided blocking probability or based on the ACS, whichever is the more stringent.
4 Conclusion

Two conclusions are drawn from the above discussion:
· There is no need for an ACS requirement; the blocking requirement can capture both blocking performance and ACS (As long as the metric is evaluated after all types of combining)

· The wanted signal level for the blocking requirement should be established after considering both blocking probability (i.e. the probability of the wanted signal level and blocker level occurring simultaneously) and the ACS.
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