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1 Introduction

During RAN4#80, a number of assumptions for ITU-R simulations were made. [1] presented a way forward for modelling ACLR and ACS. The assumption made for ACS was placed in square brackets for confirmation at RAN4#80bis. This contribution examines ACS for the BS and UE further in order to conclude the issue.
The way forward proposes to assume ACS to be “flat” in space. ACS is a ratio of degradation from a neighbor channel to own channel power. A “flat” in space ACS implies that the RX beamforming pattern through which the adjacent channel signal is received is the same as for the wanted channel signal.
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Figure 1: Example of instantaneous RX beam pattern (left), instantaneous correlated adjacent channel RX beam pattern (middle) leading to “flat” ACS (right)
It is possible that the receive beamforming may differ between the adjacent channel signal and own signal. Reasons and likelihood for a potential difference are examined in a companion document [2]. In case the beam pattern for the wanted signal and adjacent channel signal differ, the ACS, which is a ratio of the two, will not be spatially flat
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Figure 2: Example of instantaneous RX beam pattern (left), instantaneous uncorrelated adjacent channel RX beam pattern (middle) leading to spatially varying ACS (right)
This document considers whether the assumption of spatial flatness is of importance or not.
2 ACS impact to a BS
Figure 3 depicts a pdf of the angle of arrival from an aggressor UE to a victim basestation. As might be expected, aggressor UEs may be uniformly distributed around an aggressor BS. A co-existence simulation will in effect consider all possible beamforming directions from each UE.
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Figure 1: PDF of azimuth angle of aggressor UE from a victim BS, from the BS point of view
The fact that the direction of arrival of an aggressor signal is equiprobable around azimuth directions implies that whatever spatial pattern ACS might have, the pattern will be averaged in the azimuth domain during monte-carlo system simulations with a large number of drops.

In the elevation domain, the distribution of UEs is not uniform, since UEs do not, e.g. in the wide area scenario transmit from above the basestation. The basestation will perform receive beamforming and as it schedules different UEs with different elevation angles with respect to the basestation will point the RX beam across a range of elevation directions. Aggressor UEs that could cause significant neighbor channel interference to the BS will be located close to the BS. Thus the mean impact of flat ACS towards a victim BS in a monte-carlo simulation with multiple drops will be the average impact receive gain at an elevation just under the basestation from all different applicable beam patterns.

[image: image8]
Figure 4: If ACS is “flat”, then as different RX beams are scheduled with different elevation, the power received from the aggressor UE will be the average of multiple beams at the aggressor UE elevation angle.
If the sensitivity to the adjacent channel would be completely uncorrelated to the beamforming pattern, then the victim BS would experience gain from aggressor UEs with the element pattern.
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Figure 5: For uncorrelated adjacent channel sensitivity, the aggressor UE is received according to the antenna element gain at the elevation of the aggressor
Figure 6 depicts the difference between the mean interference to the aggressor BS with assumed spatially flat ACS and the mean impact with uncorrelated ACS. The difference is around 2-3 dB
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Figure 6: Difference in mean RX power from an aggressor UE for flat and uncorrelated ACS assumptions.
In reality, there is likely to be some correlation in ACS in the adjacent channel, if not 100%. Furthermore, simulations of the impact of correlation of ACLR, for which the same effect is applicable in elevation did not show any difference between correlated and non-correlated results. Thus the potential pessimism is likely to be relatively small.
Observation 1: The re is a difference in mean interference between flat ACS and element pattern related ACS (i.e. no RX beamforming on adjacent channel signals). In reality, the degree of pessimism is much smaller.

3 ACS impact to UE
A UE will be susceptible to adjacent channel interference in the receiver when it is close to an aggressor basestation. Two scenarios are interesting to consider; co-located basestations and non co-located basestations.
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Figure 7: Illustration of co-location and non co-location coexistence scenarios

For a co-located basestation scenario, the UE will direct it’s receive beam towards both aggressor and victim. Unlike the situation in which the UE is transmitting described in [3] in which the UE operates transmit power control, there will be no power control by the aggressor basestation. At times the aggressor basestation will point it’s transmit beam away from the victim UE, at times towards it; the average amount of RX power at the UE will be similar to the TRP of the aggressor BS.
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Figure 8: Victim UE receives interference from co-located BS
If the ACS is assumed to be flat, then the RX beamforming of receiver aggressor power carrier will be directed towards the aggressor BS (since the aggressor is co-located with the serving BS). If the ACS would be assumed not flat, then the RX beamforming on the aggressor BS carrier will not provide as much gain to the aggressor signal. Thus in this co-location scenario, assuming flat ACS is the most pessimistic assumption.

Observation 2: In the co-location scenario, “flat” ACS is the most pessimistic assumption
In a non co-located BS scenario, UEs that will be most impacted by an aggressor BS will be close to the aggressor BS. As illustrated in figure 9, the distribution of azimuth angles between a victim UE and it’s serving BS in this scenario is unlikely to be uniform.
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Figure 9: Relative positions of a victim UE close to an aggressor BS and it’s potential serving basestations
Figure 10 illustrates a pdf of azimuth angle between victim UEs that are close to an aggressor BS and their own serving BS. Clear peaks are seen in the directions of serving basestations, and the distribution of azimuth angles is not uniform.
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Figure 10: PDF of azimuth angle (from UE perspective) of serving basestation from victim UE positions close to an aggressor BS.
Furthermore, victim UEs will point their receive beam towards their serving basestation, and the azimuth angle to the serving basestation is likely to differ from the angle towards the aggressor basestation. Figure 11 shows a pdf of the difference in azimuth angle between a UE and serving BS compared to azimuth angle between a UE and victim BS. The probability of a difference in azimuth angle of >90 degrees is higher than the probability of little difference in the azimuth angle. In other words, it is more likely that UEs will be pointing their beam away from the aggressor BS than towards it.
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Figure 11: PDF of azimuth difference between RX beam pointing direction and aggressor BS
Thus if ACS is modelled as flat such that the RX beamforming pattern towards the serving BS is adopted towards the aggressor, the aggressor BS will be behind the UE beam and will be attenuated. IF ACS would not be flat, the attenuation of the aggressor BS would be reduced. In this scenario, assuming flat ACS could lead to overly optimistic results. It should be noted though that since the probability of a beam pointing towards the aggressor is not zero, the degree of optimism may be minor.
Observation 3: For a non co-location scenario, “flat” ACS for a UE is not the most pessimistic assumption.
Thus for the UE modelling, in case the assumption of flat ACS is not correct, the impact of the assumption will depend on the scenario. In the co-location scenario, the flat ACS assumption could be overly pessimistic towards cell centre UEs. In the non co-located scenario, the flat ACS assumption could be somewhat over optimistic towards cell edge users.
4 Conclusion

This contribution has considered the potential impact of assuming flat ACS if the assumption would turn out to be incorrect. A companion contribution, [2] discusses further whether the assumption of flat ACS is reasonable for the UE.

For the basestation, it is reasonable to expect that the assumption on ACS being flat or otherwise will not have a substantial impact on the co-existence results, similarly for ACLR. Potentially the results may be pessimistic by some fraction of a dB. System simulations of ACLR demonstrated that the same effect in elevation did not cause any pessimism in simulation results. The same result is likely if ACS would be studied, however since no study has been done it might be prudent to note that the assumption of flat ACS may be slightly pessimistic.
For the UE, in the co-located scenario, assuming flat ACS may be overly pessimistic. In the non co-location scenario, however the assumption of flat ACS may be somewhat over optimistic.

It is thus proposed to confirm the assumption of flat ACS for the basestation. For the UE, it is proposed to continue to work with the assumption of flat ACS in the absence of an alternative, but also discuss further the validity of the assumption and the potential amount of optimism/pessimism as appropriate.
Proposal 1: Confirm spatially flat ACS assumption for the BS, noting that it may be slightly pessimistic
Proposal 2: Continue to work with flat ACS for the UE. However discuss further the validity of the assumption and the amount of potential optimism or pessimism in the results arising from this assumption.
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