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Introduction
During RAN4#79bis, some discussion took place on modelling of ACLR and ACS for NR co-existence simulations. ACLR modelling needs to be re-examined due to the existence of transmit beamforming, which can lead to different spatial characteristics for unwanted emissions compared to those encountered with previous systems that employ passive beamforming. [1] however demonstrates that the spatial pattern of the unwanted emissions for ACLR does not significantly impact co-existence performance.
NR systems in mm wave are also likely to incorporate higher levels of receiver beamforming in both BS and UE than has been typical for previous generations. Thus similarly to ACLR, the modelling of ACS should be re-examined for NR. This paper presents some analysis on ACS for receivers with a high degree of RX beamforming/diversity processing, whether UE or BS.
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Recap on transmitter ACLR effects
In the transmit direction, adjacent channel interference is generated by factors such as PA nonlinearities. The wanted signal is transmitted from all of the transmitters with gain/phase weights in order to achieve beamforming. If the unwanted adjacent channel emissions would be exactly correlated between transmitters, then the adjacent channel emissions would experience the same beamforming. Thus the ratio of wanted to unwanted emissions in any direction would be the same and the ACLR would be “flat”.
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Figure 1: Wanted signal and adjacent channel emissions 100% correlated leads to uniform ACLR
In general, the unwanted emissions may not be fully correlated between transmitters. If the unwanted emissions are not correlated then unlike the wanted signal, the adjacent channel emissions are not fully beamformed. In this case, the ratio between beamformed wanted signal and non beamformed unwanted emissions may differ depending no direction and the ACLR will vary in space.
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Figure 1: Wanted signal and adjacent channel emissions 0% correlated leads to spatially varying ACLR

Simulations have shown, however that the spatial pattern of the unwanted emissions in any case does not have a significant impact on the co-existence metrics, and hence in the transmit direction it is not of importance whether spatially varying or “flat” ACLR is considered.

Receiver considerations
In the receive direction, it is important to consider that there may be two types of receiver combining. One type of receiver combining could be between closely spaced antennas that experience correlated fading channels. This type of receiver combining will be termed “RX beamforming”.
A second type of receiver combining is between receivers that relate to antennas that are either of orthogonal polarization or are spaced far enough apart that their fast fading are uncorrelated. In order to take advantage of this type of combining, baseband processing will typically apply adaptive algorithms that depend on the estimated instantaneous state of the fast fading channels, such as MMSE. This type of combining will be termed “RX diversity combining” in this contribution.
In the absence of fast fading (e.g. in an anechoic chamber), the signal arriving at all receivers would be fully correlated; this would apply for both the wanted channel and interferers in the adjacent channel. However, there are components in the receiver chain that give rise to correlated interference falling into the wanted channel, e.g. the LNA. The adjacent channel signal would be amplified by the LNA and then removed by filtering. Nonlinearities in the LNA would lead to interference from amplification of the adjacent channel falling into the wanted channel. Similarly to the transmitter, if this interference would be uncorrelated between receivers then it would not experience either RX beamforming or RX diversity in the same manner as the wanted signal and the undistorted adjacent channel signal. Similarly to the transmit case, the discrepancy between RX beamforming applying to the wanted and adjacent channel signals and lack of beamforming to the distortion from the adjacent channel would cause the ratio between adjacent channel power and interference to vary in space.
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Observation 1: Interference caused by e.g. LNA nonlinearities when amplifying the adjacent channel signal may be uncorrelated between receivers
Observation 2: Lack of correlation between LNA nonlinearities could lead to spatially varying ACS

However, it would seem reasonable to assume that a similar conclusion would hold as in the transmit case; that the impact of ACS to co-existence metrics would depend on the mean ACS around the whole sphere, and modelling ACS as spatially varying or flat would not in itself influence coexistence results. The reason for assuming this is that the mechanism leading to spatial ACS variation is the same as ACLR variation for TX.

Observation 3: It seems reasonable to assume that mean and 5% percentile throughput CDFs would not be impacted by assumptions on correlation and ACS shape, same as in the TX direction

For RX diversity, a further effect can occur. The adaptation algorithm will adapt to the estimated channel for the wanted signal. If the fast fading is flat across both the wanted signal and the unwanted signal, then (if the LNAs would all be correlated) the receiver pattern would be the same for both the wanted and unwanted signals. However if the adjacent channel signal would experience a different fast fading profile, then the spatial receiver pattern would differ for the wanted and the adjacent channel signals.
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In LOS environments, the fading will be flat. For some other environments, the fading could differ between the adjacent and wanted channels.
The existence of this effect would mean that, in effect, to be exact the simulator would need to model both the fading channel for the wanted signal and the fading channel for the adjacent channel. Furthermore, the impact of PA non-linearity on the unwanted channel fading would need to be modelled. In practice, however if the fading channel for the unwanted emissions would be uncorrelated with that of the fading channel, then the impact from adjacent channel interference would spread out in space. It seems reasonable to suppose that the assumption that the level of correlation of the fading of the adjacent channel with the wanted signal will not play a role in the co-existence metrics, which are based on a large amount of snapshots for the same reason that the correlation in unwanted emissions does not impact co-existence metrics.
A final consideration is that if ACS would dominate the RX SINR, it could be possible for a spatial MMSE receiver in baseband to take into account the covariance of adjacent channel interference and in effect attempt to reject the interference due to adjacent channel selectivity. In this case, adjacent channel interference might be rejected in some scenarios and not in others (for example, where there is a stronger in-band interferer to reject). Thus the ACS level would depend on the spatial MMSE algorithm in the receiver. However for the purposes of the current study, it is proposed to assume that spatial adjacent channel interference rejection is not taken into account, with the justification that co-existence should also be possible for less advanced receivers.

Conclusion
Two mechanisms exist that could lead to spatially varying ACS for a receiver with multiple RX chains. Uncorrelated non-linearities from the LNAs could lead to adjacent channel interference being introduced into the receive band that is not subject to RX beamforming or diversity processing in the same manner as the wanted signal. Furthermore, in some circumstances the fading channel could differ between the wanted and unwanted emissions, which would furthermore randomize the spatial selectivity for adjacent channel interference.
It is reasonable to assume that for co-existence simulations, which take a large number of snapshots this variance of the ACS would not influence the coexistence simulation results. If anything, since RX diversity processing will always maximize SINR for the wanted signal but may not do for adjacent channel interference, assuming spatially flat ACS may be a pessimistic assumption. Thus assuming flat ACS seems reasonable for ensuring robust co-existence simulations.
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