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1 Introduction

During RAN4#80, discussions took place about how to model the ACLR for the ITU WP5D simulations. In addition, the appropriate metric for unwanted emissions was discussed.
It was agreed to assume so-called “flat” ACLR as an assumption for ITU WP 5D. “Flat ACLR” means that the ACLR does not vary in space. This in turn implies that the adjacent channel emissions are modelled as having exactly the same radiation pattern as the wanted signal.
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Figure 1: Polar plot of wanted signal (left), correlated unwanted emissions (center), ACLR (right)
The WF also captured that the agreement does not imply that it has been established that the adjacent channel emissions in reality have the same pattern as the wanted signal. A basestation may transmit multiple beams, and the direction of unwanted emissions of intermodulation products between beams with different directions will not coincide with either of the beams. Also, the unwanted emissions are unlikely to be fully correlated between transmitters, which leads to the unwanted emissions not being fully beamformed. A similar consideration about correlation between transmitters may apply for the UE.

If the unwanted emissions are not fully correlated between transmitters, then the ACLR, which is a ratio of wanted and unwanted signals will vary in space.
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Figure 1: Polar plot of wanted signal (left), uncorrelated unwanted emissions (center), ACLR (right)
For the BS, it has been established that the spatial pattern of the unwanted emissions does not impact co-existence substantially [1]; hence the modelling of adjacent channel emissions in the ITU WP 5D simulations for the BS is not importance as long as the total emissions power is correct.

This paper provides some more insight into the reason for the unwanted emissions spatial at the BS not impacting the co-existence properties and also speculates about the impact of the adjacent channel emissions pattern of a UE.
2 Basestation adjacent channel emissions pattern
A hexagonal basestation deployment is depicted in figure 3. Two situations are considered; co-located BS and worst case (100% shift) uncoordinated deployment.

[image: image7.emf]Aggressor ==Victim

0% Grid Shift

 [image: image8.emf]Victim

Aggressor

Victim (x,y)

Aggressor (x -

ࡵࡿࡰ

૛

,y - (

ࡵࡿࡰ

૜

כ ���

S

૜

))

100% Grid Shift


Figure 3: Co-located (left) and non co-located (right) coexistence scenarios

Simulations are run for a large number of drops and the impact of adjacent channel emissions on throughput is calculated for each drop. In each drop, UEs in the victim system are randomly positioned.
Figure 4 depicts a probability distribution for the azimuth angle of victim UEs with respect to an aggressor basestation. The probability distribution is uniform; it is intuitive that UEs may be uniformally distributed around an aggressor basestation.
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Figure 4: PDF of azimuth angle of a victim UE seen from an aggressor BS
If the aggressor basestation would have a static radiation pattern for the unwanted emissions, then the pattern could be denoted by Pe(θ,φ) for a UE position (θ,φ). The received emissions power can be expressed as:

Pe(θ,φ) * PL(θ,φ, d)

Where PL(θ,φ,d) is the pathloss between a the UE at position (θ,φ) and distance d from the basestation.

At the end of a monte-carlo simulation with a large number of drops, statistics will be collected and averaged over a large amount of UE positions. Assuming uniformally distributed UEs, the sum in all directions of the unwanted emissions power will be the TRP:
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The fact that the emissions are also subject to a pathloss means that the sum is not quite a TRP. However unwanted emissions are only relevant for UEs that are close to the basestation, and thus the range of values for the pathloss (i.e. UE to basestation distances) for which the emissions are relevant will not vary greatly. Thus, if UEs are equally distributed in the azimuth and elevation planes it is quite reasonable to assume that the average emissions value at all UE positions in all drops is roughly equal to the TRP:
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(D represents the small range of distances from the BS for which adjacent channel emissions have an impact).

The assumption of equally distributed UEs is valid in the azimuth domain. In the elevation domain, in particular for the wide area scenario the assumption is not quite so valid. The reason is that the elevation domain relates to UEs moving along the ground. The range of vertical angles for which a victim UE would be close enough to the aggressor basestation to be impacted by unwanted emissions is a fairly small one.
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Figure 5: Variation of distance of a victim UE from a BS in relation to elevation angle from the BS
If the unwanted emissions are beamformed, then the beam position will vary from pointing directly down towards the UEs close to the basestation to pointing elsewhere in the cell. Thus occasionally in such circumstances the beam of unwanted emissions would point towards UEs close to the basestation. At other times, UEs close to the basestation would experience a sidelobe from a beam pointing elsewhere.
During a simulation and during operation, a range of elevation beam steering would be used to schedule users at different elevation angles to the basestation. If the unwanted emissions would be completely beamformed, then the average adjacent channel emisisons power experienced by UEs just under the basestation over all drops of a monte-carlo simulation would be an average of the beam power just under the basestation with the beam pointing direction varying between the minimum and maximum elevation as different UEs are scheduled.
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Figure 6: For correlated unwanted emissions, the average interference experienced at a victim UE is an average of the beam pattern of beams swept across the elevation domain at the elevation of the victim.
If the unwanted emissions would be totally uncorrelated, then a victim UE just under the basestation would experience the element patterns in it’s direction.
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Figure 7: Interference experienced at a victim UE if unwanted emissions are not correlated depends on the antenna element pattern at the elevation of the victim UE
Figure 8 depicts the average interference power experienced by a victim UE close to the basestation averaged across all possible elevation beam steering directions between the cell edge and the cell centre, considering 100% and 0% correlation. The figure also depicts the TRP. It can be seen that the average power experienced by the UE is proportional to the TRP for the correlated case, and slightly less for the uncorrelated case.
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Figure 8: Average interference power experienced by a victim UE considering elevation
Determining an analytical relationship between an emissions level and the impact of the emissions in the elevation domain would be not only difficult but would require making a large amount of assumptions. The emissions impact clearly relates to an averaging of the patterns of possible elevation beam pointing directions or to a part of the element pattern (but not the maximum element EIRP), depending on the level of correlation. An appropriate method to set the requirement is to use system simulations to determine a TRP at which the unwanted emissions KPIs are met. The system simulation will account for the delta between the TRP and the actual emissions impact.

Observation 1: The impact of unwanted emissions in the vertical domain is proportional to the TRP, even if the unwanted emissions are beamformed

Observation 2: Modelling the unwanted emissions as beamformed in the elevation domain probably represents a worst case

The simulations in [1] indicate that in reality, the co-existence performance of a BS with respect to ACLR is directly proportional to TRP and that the spatial shape of the unwanted emissions does not impact the co-existence properties. This is a direct result of the averaging of the spatial pattern in the azimuth domain and different beamforming directions in the elevation domain described in this section. Thus the observations in this section explain the simulation results observed in [1].
3 UE emissions spatial pattern impact
The impact of the spatial pattern of unwanted emissions differs between the UE and the BS. For the UE, it is worth to consider the implications of emissions patterns for both co-located and non co-located basestations.
For co-located basestation layouts, both the victim and aggressor basestations will be at the same location. A UE will send it’s beam towards the aggressor basestation. If the unwanted emissions are fully correlated, then the adjacent channel emissions will be directed towards the victim basestation at the same location. If the unwanted emissions are not correlated between transmissions, then the RX power of unwanted emissions at the victim basestation will be less than the correlated case.
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Figure 9: Adjacent channel interference scenario from an aggressor UE  in a co-location scenario
A UE that could cause a significant level of interference to a victim basestation will have low pathloss to the victim, and thus also to the aggressor. The aggressor system is very likely to operate power control to avoid excessive RX power. Power control will mitigate any beamforming of the unwanted signal. Thus co-located basestations are unlikely to be the worst case scenario.

Observation 1: Correlated/beamformed adjacent channel interference from the UE will cause more disturbance than uncorrelated for co-located aggressor and victim basestations. However this is unlikely to be the worst case scenario.

For non co-located basestations, it is worthwhile to consider in particular the azimuth domain. As illustrated in figure 10, if an aggressor UE is close to a victim basestation, then there is a high likelihood that the aggressor UEs serving basestation is not in the same azimuth direction as the victim BS.
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Figure 10: Likely position of an aggressor UE in relation to a victim BS and it’s own BS
Figure 11 depicts the PDF of azimuth angle of the serving basestation for aggressor UEs that are close to a victim BS, such that the pathloss between victim BS and UE is around 70-80dB. Distinct peaks of the PDF are observed in azimuth directions that relate to the positions of non-collocated aggressor basestations in a hexagonal grid. 
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Figure 11: PDF of azimuth angle from the UE point of view to own serving BS for UEs located close to victim basestations
If the UE performs TX beamforming, then the transmitter beam will be directed towards the UEs serving basestation. Figure 12 plots the PDF of the delta between the azimuth angle to the victim and serving BS for aggressor. The figure indicates that the probability of the UE beam being directed around 180 degrees from the victim basestation is somewhat higher than zero degrees. In other words, it is somewhat more probable that an aggressor UE will point it’s beam away from the victim basestation than towards it.
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Figure 12: PDF of the difference between azimuth beam pointing direction angle and azimuth direction to victim BS for aggressor UEs
Thus, if adjacent emissions are fully correlated, then the adjacent channel emissions towards the victim BS will be suppressed as the aggressor BS is up to 180 degrees away from the beam main lobe. On the other hand, if the adjacent channel emissions are not correlated and beamformed, then the RX power at the victim BS is likely to be higher.

Observation 2: Uncorrelated adjacent channel emissions between UE transmitters is the worst case for co-existence in uncoordinated networks.

The agreed simulation assumption for ITU WP5D is flat ACLR; i.e. correlated adjacent channel emissions. This is not the worst case, and hence the simulations may be somewhat optimistic. However it is important to note that the probability of a UE pointing a beam towards the victim is not zero, and there is a spread of probability of the angular difference between the beam and the aggressor BS. This will tend to average out the impact of the UE beam pattern and reduce any difference between correlated and uncorrelated. Moreover, it has also been argued that for a UE, it is much more likely that the adjacent channel emissions will be uncorrelated or near correlated, and hence any degree of optimism may not be extremely misplaced.
4 Metrics for requirements
[2] considered maximum EIRP and TRP as metrics for adjacent channel emissions requirements. Setting a requirement on EIRP can lead to varying levels of total radiated emissions, depending on the beamwidth, as illustrated in figure 13. Beamwidth can vary depending on implementation and on the amount of correlation in the receive antennas.
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Figure 13: Illustration of how an EIRP requirement can lead to significant variations in TRP unwanted emissions
As discussed in section 2 and demonstrated by simulations in [1], for the basestation TRP directly relates to co-existence KPIs. Thus the BS requirement should be set based on a measurable metric that relates directly to TRP.

Considering the analysis in section 3, for the UE it is not as intuitively clear that an integrated power measurement is directly related to co-existence KPIs. However maximum EIRP is clearly not related to co-existence KPIs in the non co-location case. 

A pragmatic and valid approach to set the requirement for a UE is to simulate co-existence scenarios with real unwanted emissions patterns for multiple drops, UE orientations etc. and establish an integrated unwanted emissions power level that is shown by means of simulation to satisfy co-existence KPIs. The simulation campaign will in effect take into account the potential benefit of the UE beam being pointed away from the aggressor basestation.
In both cases, the term “integrated power” or “TRP” is used loosely to refer to a requirement that measures and captures average power around the sphere. The requirement and measurement must be defined in a manner that enables reasonable measurement complexity and time; this is likely to in practice lead to a sampling of the sphere and averaging of the results, and not pure TRP.

5 Conclusion

This paper has examined the reasons behind the observation during simulations that it is TRP of adjacent channel emissions that determines co-existence degradation to a victim network. The reasons are averaging of the impact of the beam pattern in the azimuth domain and averaging across different beam patterns in the elevation domain.
For the UE, in the azimuth domain UEs are slightly biased towards transmitting a beam away from a serving BS, however it is not clear that this would significantly impact co-existence.

The conclusion is made that the assumptions for the ITU WP 5D simulations are OK since spatial pattern does not impact co-existence, and that a TRP related ACLR is the best metric to ensure robust co-existence performance.
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