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1 Introduction
A mathematic formula of the radiation pattern for the nonlinear products particularly the 3rd order products resulted from the spatial inter-modulation of multiple beams was derived in [1]. Consequently, the spatial ACLR pattern can be derived for coexistence simulation study. 

In this contribution, we provided the analysis on the impact of UE specific beam forming on system coexistence performance. For UE specific beam forming cases where the beams may be steered with the maximum gain directions pointed to a number of specific UE simultaneously, and the beam directions of the resulted 3rd order inter-modulation products are far more than the number of beams for the specific UEs. 
This contribution showed that composite beam pattern of unwanted emission in case of UE specific beam-forming approaches the un-correlated test case for the cell level beam forming. The spatial ACLR performance of the user level beam forming case is hence covered by simulation of the single beam case with a swept correlation co-efficient for the adjacent channel noise.  
2 Discussions
2.1 Cases for simulation
A user level beam forming AAS will have the capability to form specific beams and point them towards target users inside its own cell giving the advantage of increased SINR for the wanted user and reduced interference to other users. 

This paper uses the following simplified assumptions:
User level beams (vary depending on UE drop location)
a. 4 user consecutive level beams, 
b. Pointed directly at UE location (in azimuth and elevation) per drop
c. Elevation angle between 10º to 50º
d. Azimuth angle between ±30º. Each user beam has equal power
e. Full antenna gain is used for each
· The antenna is of the same design as in [1] i.e.
· 4 elements in azimuth with 0.5λ spacing, 65º element beam width

· 10 elements in elevation with 0.9λ spacing, 65º element beam with

One drop of such a scenario is shown in the diagram (not to scale).

[image: image1]
Figure 1 Diagram of UE-specific BF application scenario in one drop
The pattern of the 3rd order radiation is calculated as ‘spatial inter modulation’ as described in [1]. For a simple vertical cell partitioning case, this can be pictured in the vertical plane as follows:
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Figure 2 Radiation pattern of wanted signal, 3rd IMD for vertical cell partitioning scenario
2.2 Simulation Results
100 random drops of 4 simultaneous UE in elevation and azimuth angles were applied and the average ACLR and ACIR interference patterns plotted in elevation and azimuth. The UE are dropped uniformly distributed over cell area.
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Figure 3 Average wanted and unwanted signal with 4 simultaneous UE under single instance and average over 100 drops in azimuth plane
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Figure 4 Average wanted and unwanted signal with 4 simultaneous UE under single instance and average over 100 drops in elevation plane
In both Figure 3and Figure 4 the left hand figures show a single drop of 4 UE’s signals. The wanted signal (shown in green is the sum of the wanted beams) , the sum of the spatial inter-modulation 3rd order products (shown in black) and the individual directive spatial inter-modulation products (various) are shown.

The right hand figure shows same the sum of the wanted signal and the unwanted signals are then averaged over 100 drops and the results shown on the right.

The elevation pattern is more complex due to the narrow beams and wider tilt angles, however only the angle between 90º and ~140º represent the cell area.

These results can then be used to generate spatial ACLR and ACIR plots.
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Figure 5 Average ACLR/ACIR pattern in azimuth plane
· There are a number of points to note:

· The ACLR/ACIR performance for User BF for both ρ=1 and ρ=0 is better in the centre of the response and a little worse outside the main beam.
· User BF ACLR/ACIR in horizontal plane is very similar for ρ=0 and ρ=1.
In elevation there are more elements and the cell level case is also generated by an array, hence the results are a little more complex.
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Figure 6 Average ACLR/ACIR pattern in elevation plane
There are a number of points to note:

· The region of the main beams the ACLR/ACIR performance for User BF for both ρ=1 and ρ=0 sits in between the cell level BF cases (ρ=1 and ρ=0).

· Outside the main beam the User BF ACLR/ACIR is inferior to the Cell level performance only in some elevation angles around 90º.

As in azimuth only some antenna directions are valid for power levels on the ground, the elevation results are more easily interpreted when plotted against distance from the BS (BS height=30m).
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Figure 7 Elevation ACLR and ACIR vs. distance from BS
From the results plotted against distance it can be seen for a 750m ISD (500m cell range) that the User level BF case provides better ACLR/ACIR than the cell level BF case over almost the entire cell range. In the region around 400m to 600m where the User level BF is worse than the Cell level ρ=1, but it is mostly better than the cell level ρ=0. However this region will have little impact on the interference to adjacent networks as the power level is low due to the relatively large path loss from the BS.
3 Conclusion
The behaviour of the user level beam steering with random locations of the UE’s in the aggressor network approaches that of the uncorrelated case for a cell level beam. The fully uncorrelated case for both the cell level beam forming has worse ACLR/ACIR performance than the user level beam forming case and can be regarded as the worst case.
The spatial ACLR performance of the user level beam forming case is hence covered by simulation of the single beam case with a swept correlation co-efficient for the adjacent channel noise.

As the single beam network simulations have been carried out with the correlation coefficient swept between 0 and 1 this fully covers any user level beam forming case. Hence there is no need for further network simulations for user level beam forming cases for AAS ACLR evaluation. 
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