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1 Introduction

During the last meeting RAN4#67 a discussion was brought up regarding ACLR modeling.  This paper will add to the understanding and discussion of ACLR with the aid of measurement data.  
The idea for this paper is to illustrate that ACLR measurements taken at different points in space will produce different values than the conducted measurements which do not depend on the azimuth angle variable.  This paper will first examine cell specific beam forming results from the ACLR model.  Then look at the effects of ACLR in the case of user specific beam forming.  
The results will show that the spatial variation shown in the case of user specific beam forming is less than that of cell specific beam forming.  Therefore it will only be pertinent to study ACLR in the case of cell specific beam forming and thus further system simulation for user specific beam forming is not required.

2 Discussion
The results shown in this document is a result of measurements taken from a standard radio and combined with the 3GPP antenna model to produce the final results shown here.  The model also has the ability to control the percentage of correlation in band and out of band.  Two cases are demonstrated, 100% correlation and 0% correlation in band.
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For cell specific beam forming 4 elements (4 x 3GPP antenna model) was taken to produce the following results.  The reasoning for using this configuration is to keep the model simple while still ensuring clear understanding.  For user specific beam forming results: 4 (one for each user group), 4 element arrays (element pattern from 3GPP antenna model) was used.  
3 Cell Specific Beam Forming 

In the model the first set of figures, Figure 1 and 2, have the in band correlation set to 100% and out of band correlation set to 0%.   The red plot in Figure1 represents the result that can be seen from a conducted measurement.  The purple plot seen below is the data from the antenna in one direction, taken at 21 degrees.
It can be observed that the resulting spectrum is much different looking at 21 degrees than the conducted measurement.  This is due to the beam forming of the antenna array.  At 21 degrees we are no longer at the antennas main beam peak and therefore the energy radiated in that direction is different than the total power output from the antenna port.  This total power or calculated conducted spectrum is much higher and therefore why it gives a higher resultant power value.
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Figure 2 illustrates that ACLR taken at different azimuth angles will produce results depending on the angle.  It also shows that the integrated measurements, which are independent of angle, only coincide with the spatial ACLR values at two angles.  There is large ACLR variation in space and that is what motivated more system simulations.    
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The next set of figures, Figure 3 and 4, considers signals 100% uncorrelated in band and out of band would produce results to demonstrate no beam forming.  This is easily seen in Figure 4 by the antenna array pattern, as all the signals are uncorrelated.  The spectrum results are very similar, as shown in Figure 3.  The ACLR values are the same, as the two curves lie directly on top of each other shown in Figure 4.  
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4 User Specific Beam Forming 

The ACLR model was extended to understand the spatial variation in user specific beam forming.  The two cases examined here are a change in in the direction of the main beam is pointing for each of the four user specific beams.  The concept of this beam shifting and how it can be done is better explained in [2].  Equal element amplitude and only phase was changed.  Each beam is formed by a 4 element array with “w” representing the phase progression defined.
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In Figure 1, the phase progression chosen to give the result shown below is [108, 36, -36, -108] for each simulated user. For example, user one the green beam, will have the array with phase excitations as 
w = 108, 

= {-1.5*108, -0.5*108, 0.5*108, 1.5*108}

= {-162, -54, 54, 108}.  
Next the brown beam for the next user beam will have antenna phase excitations as {-54,-18,18,54}.  Although the calculated conducted and spatial ACLR are not equal, we see here that it does not vary spatially as the cell specific beam forming case described in [1] 

In Figure 2, the cell was also divided to serve 4 users.  However, this time the phase progression was changed to [90, 30, -30, -90] to show that although there is more spatial variation than the case shown in Figure 1, the variation is still less than that of cell specific beam forming.

Both figures are the result of the summation of all the user specific beams at a specific location in space.  The figures of the red plot labeled “Pattern” is the composite pattern from the effects of all four user specific beams in space.
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5 Conclusion

Even though the number of elements is only 4 per an array for simplicity, the results can still be extrapolated to give a good illustration that no additional system simulation is needed for looking at user specific beam forming.

Looking at the results from user specific beam forming and cell specific beam forming, a conclusion can be drawn that user specific beam forming varies less spatially than that of cell specific beam forming. In addition, user specific beamforming is likely to be subject to temporal averaging, since the directions of at least some of the beams will be varied depending on the scheduled users. The reduced spatial variation motivates a conclusion that user specific beamforming does not need to be studied further with system simulations, as any impact on co-existence KPIs would be lower than that of cell specific beamforming.  
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Figure � SEQ Figure \* ARABIC �1�: Spectral plot with 100% in band correlation, 0% out of band correlation





Figure � SEQ Figure \* ARABIC �2�: ACLR and antenna array pattern





Figure � SEQ Figure \* ARABIC �3�: Spectral plot with 0% in band correlation, 0% out of band correlation





Figure � SEQ Figure \* ARABIC �4�: ACLR and antenna array pattern





Figure � SEQ Figure \* ARABIC �1�: 100% in band correlation, 0% out of band correlation





Figure � SEQ Figure \* ARABIC �2�: 100% in band correlation, 0% out of band correlation
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