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1. Introduction
In previous RAN4 meetings it was discussed whether ACLR is beamformed or not when an antenna array is used for signal transmission. For the co-existence study it was agreed to model “flat ACLR”(beamformed), however, so far there wasn’t any proof given to support this. In this paper we present some measurements showing that IM3 distortion products, formed by the same principle as ACLR, are beamformed the same way as the wanted signal transmitted in the channel of interest.
2. Discussion
Whether ACLR is beamformed or not when an active antenna array is used has been debated for a few meetings. In order to verify this aspect, a simple experiment was conducted. The measurements were conducted by performing a 2 tone test with an antenna array and measuring the direction of the main signals and that of the 3rd intermodulation product (IM3). It should be noted that ACLR is generated by the same mechanism as IM3, as such, the results of these measurements are a good indication of the spatial properties of ACLR.
The test setup is shown in Figure 1. Two sine waves of different frequencies are generated from separate signal generators, combined and input to a 8x16 antenna array. The frequency of the signals and IM3 to be measured are depicted in Figure 2. The antenna array is using only analog beamforming. The measurements were conducted for 2 different directions, boresight (relative phases between elements are 0) and 33 degrees off boresight. For each of these directions the peak EIRP for f1 and both IM3 products were measured and the angle difference was compared. The measurements were conducted for different frequency difference between f1 and f2 centered around 28GHz. It should be noted that the antenna array is calibrated for 28GHz center frequency. 
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Figure 1. Test setup
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Figure 2. Signals used in the test

The measurement results are shown in Figures 3-6 for both beam directions and IM3 products. The measurements were conducted with a frequency delta of up to 600MHz so lowest/highest IM3 product were at approximately 27 and 29GHz.As can be seen from the figures the difference in the direction of peak EIRP is within 2 degrees(mostly 0 degrees) for all cases. Based on these results we conclude that the ACLR is beamformed (“flat ACLR” in space) and the peak EIRP direction is the same as the beamforming direction in the wanted channel.
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Figure 3. Beam direction delta between fundamental and lower side IM3 for boresight
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Figure 4. Beam direction delta between fundamental and lower side IM3 for boresight
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Figure 5. Beam direction delta between fundamental and lower side IM3 for off-angle beam
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Figure 5. Beam direction delta between fundamental and lower side IM3 for off-angle beam

3. Conclusion
In this paper we presented some measurements of the IM3 peak beam direction compared with the peak beam direction of the wanted signal. The measurement results showed the IM3 products beam direction is the same as that of the wanted signal. As ACLR is generated by the same mechanism as IM3, we can conclude that ACLR is beamformed in the same direction as the wanted signal(“flat in space”).  
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